(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 006 149 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

07.06.2000 Buiretin 2000/23 

(21 ) Application number: 98937841 .9 

uaie OT Tiitng. i /.uo.iviio 


(51) Int. CI. : OOoL 23/10, UUor\ o/OO, 

C08K5/00, C08J 5/18, 
B32B 27/32 

(86) International application number: 
PCT/JP98/03645 

(87) International publication numba': 

WO 99/09098 (25.02.1999 Gazette 1999/08) 


(84) Designated Contracting States: 


• MOGI, Yasuhiro 


BE DE FR GB IT NL 


Chiba 299-0107 (JP) 




. OKAWIOTO, Takuji 


(30) Priority: 19.08.1997 J P 22263497 


Chiba 299-0107 (JP) 


27.08.1 997 JP 23061 197 


• OTA, Tsuyoshi 


23.02.1998 JP 3996098 


Chiba 299-0107 (JP) 


06.03.1998 JP 5495798 


• FUNABASHI, Hideo 


06.03.1998 JP 5495898 


Chiba 299-0107 (JP) 


08.04.1998 JP 9593198 


• SETA, Yasushi 




Chiba 299-0107 (JP) 


(71) Applicant: 


IDEWHTSU PETROCHEMICAL CO., LTD. 


(74) Representative: 


Tokyo 108-0014 (JP) 


Gille Hrabal Struck Neidlein Prop Roos 




Patentanwdtte, 


(72) Inventors: 


Brucknerstrasse 20 


• MINAMI, Yutaka 


40593 DQsseldorf (DE) 


Chiba 299-01 07 (JP) 





rt 

o 
o 



(54) PROPYLENE POLYMER COMPOSITION AND FILMS MADE THEREFROM 

(57) A prc^yJene homopolymw or a copolymer of 

propylene and an a-olef in with at least 4 carbon atoms, Fij. l 

which is produced through polymerization in the pres- 
ence of a metallocene catalyst and which has an 
increased isotactic pentad fraction and a reduced 

molecular weight distribution; and also a propylene- 

based polymer composition as prepared by adding a 
nucleating agent to the homopolymer or the copolymer 
are superior to conventional polymers and polymer 
compositions, as they have well-t>alanced toughness 
and heat-sealabllity, and are not sticky, and, in addition, 
they have excellent anti-blocking properties. Their films 
espedally those tor wrapping and packaging edibles are 
tough and have excellent anti-blocking properties, and 
high film impact resistance. The polymer and the poly- 
mer composition have good moWability. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to propylene-based resins and propylene-based polymer compositions, and 
also to films and laminates made of them. 

[0002] More precisely, the invention relates to propylene-based polymers and propylene-based polymer composi- 
tions, and also to films, for example, those for wrapping or packaging edibles, as welt as laminates, fibers, sheets and 
moldings made of them, and they have the advantages of good low-temperature heat-sealability, well-balanced tough- 
ness and heat-sealability which no one has heretofore experienced in the art, as well as improved anti-blocking prop- 
erties, improved slip characteristics and improved moldability. 

BACKGROUND ART 

[0003] Polypropylene has good physical properties, as being tough and resistant to heat, and is inexpertsive. 
Therefore, it is a general -purpose resin having many applications In various fields. 

[0004] For example, as having the advantages of high transparency, high toughness, good heat resistance and little 
water absorption, polypropylene Is used for cast films such as biaxially-oriented films, laminate films, etc. In particular, 
films of a crystalline propylene-based polymer are widely used as wrapping or packaging films, as having the advan- 
tages of high toughness, high transparency and good moisture-proofness. 

[0005] In general, the films are formed into bags through heat-sealing. After having been filled with objects, the 
bags are closed by again heat-sealing their open ends. 

[0006] The recent tendency in the art is toward high-speed production lines for fabricating bags and packages so 
as to improve the productivity To meet the requirement, it is desired to improve the quality of films. For example, a plu- 
rality of resins having different properties are layered, and the resulting multi-layered films are being widely used. Of 
such multi-layered films, the resin film to be the outermost layer is specifically desired to have good physical properties 
of low-temperature heat-sealability (this is for facilitating high-speed production lines for fabricating bags and pack- 
ages), slip characteristics (these are for attaining smooth re-winding of films), and anti-blocking properties. 
[0007] In other fields of sheets and non-woven fabrics except the films as above, it is also desired to lower the tem- 
perature for layer lamination. 

[0008] As compared with ethylene-based polymers, propylene-based polymers may have a larger degree of super- 
cooling necessary for the start of their crystallization, and therefore have a lower crystallization temperature (Tc) when 
their melting point (Tm) Is on the same level as that of ethylene-based polymers. This is nrore noticeable for propylene- 
based copolymers and polymers with lower stereospedficity, as having lower crystallinity. As a result, propylene-based 
polymers are often difficult to mold, arKi, in addition, their resin characteristics are poor In particular. th»r transparency 
is low, the heat-sealing temperature (HST) for them is high, and their elasticity and impact resistance are poor. Espe- 
cially for film applicatons. propylene-based polymers are often confronted with many problems. For example, with pro- 
pylene-based polymers being required to have low-temperature heat-sealability comparable to that of linear low-density 
polyethylene, the problems are that the polymers often fail to be formed into good films, in particular, the films formed 
often fail to be smoothly released from chill rolls, the edges of the films are unstable, and the films are readily scratched 
by sweeper rolls. Therefore, to obtain films, fibers, sheets and moldings of the polymers having good low-temperature 
heat-sealability. the problems with the polymers as above must be solved. 

[0009] Heretofore, a method of copolymerizing propylene homopolymers with a small amount a comonomer of eth- 
ylene, 1-butene or the like has been proposed for inrproving the low-temperature heat-sealability of films of the poly- 
mers. In the method, however, a large amount of ethylene or 1-butene must be copolymerized with the polymers in 
order to secure satisfactory low-temperature heat-sealability of the polymers. If so, the polymers shall contain a large 
amount of sticky side products, and, as a result, their arrti -blocking prc^>erties are greatly worsened, and. In addition, 
the side products bleed out of the films of the polymers whereby the films are seen whitish and their appearances are 
not good. After all, the films of the polymers are not on the practicable level. What is more, the crystallinity of the poly- 
mers is low, and the films of the polymers could not be tough. Furtfier, the moldability of the polymers is poor, and the 
anti-bloddng properties of the films of the polymers are poor. 

[001 0] To solve the problem, tried is a method of removing the sticky component from the polymers by dissolving it 
In an inert solvent. In this method, however, even the low-tennperature-melting crystalline component that contributes to 
the low-temperature heat-sealability of the polymers is inevitably removed from the polymers. At present, after all. the 
low-tenperature heat-sealability of the polymers could not be still improved to a satisfactory degree even in the method. 
[0011] On the other hand, tried Is another method of copolymerizing propylene homopolymers with some a-ole^in 
other than ethylene or 1 -butene. for example, with 1 -hexene, 1-octene, 4-methyl-1 -pentene or the like. According to the 
prior art technology, however, resins obtained all have an extremely broad compositional distribution, and it is difficult 
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to improve their anti-blocking properties, toughness and moldability up to the practicable level. 
[001 2] Conventional propyl ene-based polymers obtained in the presence ot a known Ziegler catalyst have a broad 
molecular weight distribution and a broad compositional distribution, and are not homogeneous. Therefore, the high- 
crystalline component in the polymers could readily form crystalline nuclei, and, as a result, the degree of supercooling 
5 necessary for the start of their crystallization is not so large and the moklability of the polymers is not so much lowered. 
However, as their composition is not homogeneous, the polymers have poor physical properties. In particular, as con- 
taining a sticky component and a high-crystalline component, the polymers ctnild not exhibit good physical properties 
intrinsic to resins. 

[001 3] Recently, singfe-site metallocene catalysts have been developed. Polypropylene obtained in the presence of 

10 such a metallocene catalyst has a homogeneous composition and contains a reduced amount of a sticky component 
and a high-crystalline component that may worsen the physical properties of the polymer TTierefore, the physical prop- 
erties of the polymer are better than those of the other polymers produced in the presence of any other conventional 
catalyst. However, as the polymer has a homogeneous composition, the degree of supercooling for it is enlarged and 
the moldability of the polymer is kTwered. 

15 [0014] A method of using the prqaylene-based polymer obtained in the presence of a metallocene catalyst, as a 
heat-sealability inrprover for the propylene-based polymer djtained in the presence of a conventional Ziegler catalyst 
has been proposed (Japanese Patent Laid-Open Nos. 173016/1990, 112682/1993. 112683/1993). The method is 
effective in some degree for improving the balance of the heat-sealability and the toughness of the polymer films, but 
coukl not still solve the problem with the polymer composition in point of the balance between the moldability of the pol- 

20 ymer conrposition and the physical properties of the polymer films, 

[001 5] In friat situation, the present invention is to further improve the heat-sealability of polypropylene films, with- 
out interfering with the intrinsic good properties of the films, to such a degree that the improved heat-sealabiiity of the 
films is comparable to that of linear low-density polyethylene films. Specifically, the object of the invention is to provide 
propylene-based polymers and propylene-based polymer compositions, and also their films including those for wrap- 

25 ping and packaging edtoles, as well as their fBsers, sheets, non-woven fabrics ard other various moldings all having 
highly improved and well-balanced physical properties including heat-sealability. anti-blocking properties, toughness 
and impact resistance. 

[001 6] Another object of the invention is to provide propylene-based resins favoratrfe to sealants, and also to pro- 
vide films of the resin, as well as laminates comprising at least one layer of the resin. 

30 

DISCLOSURE OF THE INVENTION 

[001 7] We, the present inventors have assiduously studied so as to attain the objects noted above, and. as a result, 
have found that, when a substance capable of readily inducing crystalline nuclei in a melt of a propylene-based polymer 

35 to thereby reduce the degree of supercooling necessary for the polymer crystallization but not detracting from the phys- 
ical properties of the polymer at all, for exarrple, a nucleating agent, a high-molecular nucleating agent, a propylene- 
based polymer having a low degree of crystallinity. a propylene-based pdymer having a low molecular weight or tine like 
is added to a propylene-t>ased polymer obtained in the presence of a metallocene catalyst and having a horrwgeneous 
composition, then tiie resulting propylene-based polymer composition could have well-balanced physical properties 

40 and moldability On the basis of this finding, we have conpleted the present invention. 
[0018] Specifically the invention is summarized as follows: 
[001 9] The first aspect of the invention includes the following: 

(1) A propylene-based polymer composition comprising (1-A) a propylene homopolymer obtained through polym- 
45 erization in the presence of a metallocene catalyst and having an isotactic pentad fraction (mmmm fraction) of from 

80 to 99 mol%, a molecular weight distribution (Mw/Mn) of at most 3.5, and an intrinsic viscosity [n] of from 0.5 to 
5.0 dl/g, and (1 - B) at least 1 0 ppm of a nucleating agent. 

(2) A propylene-tased polymer composition comprising (1-A) a propylene-based random copolymer obtained 
through polymerization of propylene, and ethylene and/or an a-olefin having from 4 to 20 cartwn atoms in the pres- 

50 ence of a metallocene catalyst, and having a propylene-derived structural unit content of from 80 to 1 00 mol%, an 
ethylene and/or C4-20 a-olefin<lertved sfe-uctural unit content of from 0 to 20 mol%. a molecular weight disfribution 
(Mw/IWIn) of at most 3.5, and an intrinsic viscosity [ti] of from 0.5 to 5.0 dl/g, and (1 -B) at least 1 0 ppm of a nucleating 
agent, for example, metal salts of organic phosphaic acids, talc, dibenzylidene-sorbitol and Its derivatives, or 
amide compounds, and the like. 

55 (3) A propylene-based polymer composition of which the tensile modulus (TM (MPa)) in the MD direction and the 
heat-sealing tenperahjre (HST ("C)) satisfy the following formula (1-11): 

TM ^ 22 X HST - 1850 (1-11). 
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(4) Films as formed by casting the propylene-based polymer composition of any of above (1) to {3). 

(5) Films for wrapping or packaging edibles, which are formed by casting the propylene-based polymer composition 
containing, as the nucleating agent, any of metal salts of organic phosphoric acids or talc. 

The second aspect of the Invention includes the following: 
5 (6) A polypropylene-t>ased resin conposltion comprising (2-A) from 50 to 99 parts by weight of a prop^ene 

homopolymer obt^ned ttirough polymerization In the presence of a metallocene catalyst and having an isotacttc 
pentad fraction (mmnmi fraction) of from 80 to 99 mol%, an intrinsic viscosity [r\] of from 1.0 to 2.0 dl/g, and a 
molecular weight distrilxjtion (Mw/Mn) of at most 3.5, and (2-B) from 1 to 50 parts by w^ght of a propylene 
homopolymer obtained through polymerization In the presence of a metallocene catalyst and having an Intrinsic 
10 viscosity [r\] of from 0.01 to 1 .0 dl/g, and a molecular weight distrilxjtion (Mw/Mn) of at nrost 3.5; and films made of 
the polypropylene-tased resin composition. 

The third aspect of the invention includes the following: 

(7) A propylene-based resin comprising (3- A) from 55 to 99 parts by weight of a copolymer of propylene and an a- 
olef in having at least 5 cartxin atoms, and {3-B) from 1 to 45 parts by weight of a propylene-based poiymer of which 

75 the crystallization temperature as measured through differential scanning calorimetry is higher than that of (3-A). 

(8) The propylene-based resin of (7), wherein the aystallization temperature (Tea ("C)) of the copolymer (3-A) and 
the crystallization temperature (Tcb (°C)) of the propylene-based polymer (3-B), both measured through differential 
scanning calwimetry, satisfy the following formula: 

20 Tcb - Tea ^ 20 (3-1). 

(9) The propylene-based resin of (7) or (8), which satisfies the following requirements (i), (ii) and (iii) in its tenrper- 
ature-programmed fractionation chromatography (TREF): 

25 (i) The amount of its fraction eluted within the temperature range between (Tp - 5)*C ard (Tp + 5)°C is at least 

65 % by weight, with Tp being the peak tenperature for essential elution; 

(ii) The ^ount of its fraction eluted within the temperature range not higher than CC Is at most 3 % by weight: 
and 

(iii) The amount of its fraction eluted within the temperature r^ge not lower than Tp + lO^C is from 1 to 45 % 
30 by weight of all eluates. 

(10) The propylene-based resin of any of (7) to (9). of which the peak top temperature on the highest temperature 
side in its crystallization curve measured through differential scanning calorimetry Is not lower than SS^C. 

(1 1) The propylene-based resin of any of (7) to (1 9), of which the peak top temperature on the lowest temperature 
35 side in its melting curve measured through differential scanning calorimetry is not higher than 150**C. 

(12) TTiB propylene-based resin of any of (7) to (1 1), wherein the copolymer (A) satisfies the following (A-i) and (A-. 
ii) in its temperature-programmed fractionation chrcHnatography: 

(A-i) The amount of its fraction eluted within the temperature range between (Tp - 5)"C and (Tp + 5yC is at 
40 least 70 % by weight, with Tp being the peak temperature tor essential elution; and 

(A-ii) The amount of its fraction eluted within the temperature range not higher than CC is at most 3 % by 
weight. 

(13) The propylene-based resin of any of (7) to (12), wherein the copolymer (3-A) satisfies at least any one of the 
45 following (A-iii), (A-iv) and (A-v): 

(A-iii) The content of a-olefin units having at least 5 carbon atonns (a mol%) in the copolymer {3-A) is from 0.1 
mol%to 12 mol%; 

(A-iv) The stereospedfictty irxlex (P) of the cc^lymer (3-A) is at least 85 mol%; arxJ 
50 (A-v) The intrinsic viscosity ([t]]) of the copolymer (3-A), as measured in decalin at 135*C, Is from 0.5 to 3.0 

g/dl. 

(14) The propylene-based resin of any of (7) to (12), wherein the constituent a-olefin units having at least 5 cartion 
atoms in the copolymer (3-A) are from at least one of 1 -octene. 1 -dodecene and 1-decene. 

55 (15) Films made of the propylene-based resin of any of (7) to (14) ; or laminates comprising at least one layer of the 
propylene-based resin. 

The four^ aspect of the invention includes the following: 
(1 6) A propylene-based random copolymer of prc^lene and an a-olelin having at least 5 cart>on atoms, which sat- 
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isfies the following formula (4-1): 

Tm ^ 140, and Tm i 160 - 7a (4-1) 

wherein Tm (°C) indicates the melting point of the copolymer measured through differential scanning calorimetry, 
and a (nrK)l%) indicates the content of a-olefin units having at least 5 carijon atoms in the copolymer; 
and satisfies the following formula (4-11): 

TcS0.75Tm-15 (4-11) 

wherein Tc ('C) and Tm ("C) each indicate the ayslallization temperature and the melting point, copolymer both 
measured through differential scanning calorimetry. 

(17) A propylene-based random copolymer composition comprising (4-A) a propylene-tjased random copolymer of 
propylene and an a-o1efin having at least 5 cartxin atoms, and (4-B) a ^bstance having the capability of nuclea- 
tion, the corrposition satisfying the following formula (4-1): 

Tm i 140. and Tm 5 1 60 - 7a (4-1) 

wherein Tm (*C) indicates the melting point of the composition measured through differential scanning calorimetry, 
and a (mol%) indicates the content of a-olefin units having at least 5 caitxin atoms in the composition; 
and satisfying the following formula (4-11); 

Tci0.75Tm-15 (4-11) 

wherein Tc (°C) and Tm ("C) each indicate the crystallization temperature and the melting point, respectively, of the 
composition both measured through differential scanning calorimetry. 

(18) The propylene-based random copolymer of atxjve (16). or the propylene-based random copolymer composi- 
tion of (1 7), wherein the content of a-olefin units having at least 5 cartwn atoms is from 0.1 to 1 2 mol%. 

(19) The propylene-based random copolymer of above (16) or (18), which has a stereospecificity index (P) of at 
least 85 mol%; or the propylene-fc>ased random copolymer composition of (1 7) or (18). wherein the copolymer has 
a stereospecificity index (P) of at least 85 mol%. 

(20) The propylene-based random copolymer of above (16), (18) or (19), or the propylene-based random copoly- 
mer composition of any of (1 7) to (19). which has an intrinsic viscosity h]. as measured in decalin at 1 SS'C. of from 
0.5 to 3 dl/g. 

(21) The propylene-fcased random copolymer of above (16), or any of (18) to (20). or the propylene-based random 
copolymer composition of any of (1 7) to (20), wherein the a-oief in units having at least 5 carbon atoms are from at 
least one of 1-octene, 1-decene and 1-dodecene. 

(22) Films made of the copolymer or the copolymer composition of any of above (1 6) to (21); laminates comprising 
at least one layer of the copolymer or tiie copolymer composition; as well as fibers, sheets or moldings comprising 
the copolymer or the copolymer composition. 

The fifth aspect of the invention includes the following: 

(23) A propylene-based random copolymer of propylene and 1-butene, which satisfies the following formula (5-1): 

Tm^160-3a (5-1) 

wherein Tm ("C) indicates the melting point of the copolymer measured through differential scanning calorimetry. 
and a (nrK)l%) indicates the 1-lxJtene unit content of the ct^Iymer; 
and satisfies the following formula (5-11): 

Tc s 0.75Tm - 10 (5-11) 

wherein Tc ('C) and Tm ('C) each indicate the crystallization temperatijre and the melting point, respectively, of the 
copolymer both measured through differential scanning calorimetry. 

(24) A propylene-based random copolymer composition comprising (5-A) a propylene-based random copolymer of 
propylene and 1-butene. and (5-B) a substance havirig the capability of nudeation, the composition satisfying the 
following formula (5-1): 



Tm s 160 -3a 



(5-1) 
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wherein Tm {°C) indicates the melting point of the conposition measured thrcxjgh differaTtia) scanning catorlmetry, 
and a (mol%) indicates the 1-butene content of the composition; 
and satisfying the following formula (5-11): 

5 To ^ 0.75Tm - 10 (5-11) 

wherein Tc ("C) and Tm ("C) each indicate the crystallization tenperature and the melting pdrrt, respectively, of the 
composition txjth measured through differential scanning calorimetry. 

(25) The propyl ene-tased random copolymer of abcve (23), or the propytene-tased random copolymer composi- 
te tion of (24), which has a 1-txjtene content of from 0,1 to 30 nx)l%. 

(26) The propylene-t>ased random copolymer of above (23) or (25). which has a stereospecificity Index (P) of at 
least 85 mol%; or the propylene-based random copolymer composition of (24) or (25), wherein the copolymer has 
a stereospecificity index (P) of m least 85 mol%. 

(27) The propylene-tesed random copolymer of atxjve (23), (25) or (26), or the prqjyiene-based random copdy- 
15 mer composition of any of (24) to (26), which has an intrinsic viscosity [ti], as measured in decalln at 135''C, of from 

0.5 to 3 dl/g. 

(28) Films made of the copolymer or the copolymer compositiwi of any of above (23) to (27); laminates comprising 
at least one layer of the copolymer or the copolymer composition; and fibers, sheets or nrxildings comprising the 
copolymer or the copolymer composition. 

20 The sixth aspect of the invention includes the following: 

(29) A propylene-based polymer conposition comprising (A) a propyl ene-t>ased random copolymer obtained 
through polymerization of propylene and an a-olefin having at least 4 cartjon atoms in the presence of a metal- 
locene catalyst, and having a propylene-derived stmctural unit content of from 80 to 99.9 nrx)l%, an a-olef in-derived 
structural unit content of from 0.1 to 20 nfx)l%, and an intrinsic viscosity [r\\ of from 0.5 to 5,0 dl/g, and (B) at least 

25 10 ppm of a nucleating agent. 

(30) The propylene-based polymer conposition of above (29), wherein the a-defin has at le^ 5 cartx)n atoms. 

(31) The propyl ene-lDased polymer conposition of above (29), in which the a-olefin is 1-txitene and of which the 
tensile modulus (TM (MPa)) in the MD direction and ttie heat-sealing temperature (HST (°C)) satisfy Vne following 
formula (6-1): 

30 

TM^22xHST- 1850 (6-1). 

(32) The propylene-tiased polymer conposition of above (29), of which the tensile modulus (TM (MPa)) in the MD 
direction and the heat-sealing tenperature (HST (°C)) satisfy the following formula (6-11): 

35 

TMi22xHST-1700 (6-11). 

(33) The propylene-based polymer conposition of at>ove (29), of which the boiling diethyl ether-sol utde content (E 
(% by weight)) and the o-olefin content (a (mo\%)) satisfy Une following formula (6-11 1): 

40 

Es0.2xa+1.0 (6-111). 

(34) Filnrs as formed by casting the propylene-based polymer composition of any of alxjve (29) to (33). 

45 BRIEF DESCRIPTION OF THE DRAWING 

[0020] Rg. 1 ifxiicates the relation between TM and HST in formula (II) in the first aspect of the invention. 
[0021] In this, tiie black spots are for Examples and the white spots are for Comparative Examples: and the numer- 
als given for those spots correspond to tiie respective numbers of Exanples and Comparative Exanples. 

50 

BEST MODES OF CARRYING OUT THE INVENTION 

[0022] The invention is described in detail hereinunder. The first aspect of the Invention includes two types of resin 
conpositions. 

55 [0023] The first resin conposition is a prcpylene-based polymer conposition conprising (1-A) a propylene 
homopolymer obtained tivough polymerization in the presence of a metallocene catalyst and having an isotactic pentad 
fraction (mmmm fraction) of from 80 to 99 mot%, a molecular weight distribution (Mw/Mn) of at most 3.5, and an intrinsic 
viscosity [ti] of from 0.5 to 5.0 dl/g, and (1 -B) at least 10 ppm of a nucleating agent. 
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[0024] The propylene homopolymer (l-A) in the first resin composition has an isotactic pentad fraction (mmmm 
fraction), a stereospecificity index of from 80 to 99 mol%, preferably from 85 to 97 mol%. If the isotactic pentad fraction 
of the homopolymer is smaller than 80 mol%. the toughness of the films of the compositicn will be taw; but if larger than 
99 mol%. the impact resistance of the films will be taw. Therefore, polymers of which the isotactic pentad fraction over- 

5 steps the defined range are unfavorable to the invention. The isotactic pentad fraction (mmmm fraction) referred to 
herein is meant to Indicate the proportion {mol%) of five propylene structural units haying a meso structure (mmmm 
structure with all five methyl groups therein being aligned in the same direction) in a propylene^aased polymer, and this 
is determined on the basis of the assignment of the peaks appearing in the ^^C-NMR spectrum of the polymer, as pro- 
posed by Cheng, H. N. and Ewen, J. A., in Macromol. Chem., 190, 1350 (1989). 

10 [0025] The propylerte homopolymer for use herein has a molecular weight distribution (Mw/Mn) of at most 3.5, pref- 
erably at most 3.0, more preterat>ly from 1 .5 to 2.5. If the molecular weight distribution (Mw/Mn) of the homopolymer is 
larger than 3.5, the heat-sealability and even the anti-blocking properties of the composKlon will be low and poor. 
[0026] The propylene homopolymer has an intrinsic viscosity [r]] of from 0.5 to 5.0 dl/g, preferably from 0.5 to 3.0 
dl/g, more prefer^ly from 1 to 2.5 dl/g. 

15 [0027] The propylene homopolymer for use in the invention may be pr^ared in various methods. Preferably, it is 
prepared through polymerization of propylene in the presence of a metallocene catalyst. Concretely, it is prepared by 
polymerizing propylene in the presence of a metallocene catalyst that comprises a conpound of a transition metal of 
Group 4 of the Periodic Table having a cyclopentadianyl ring, and methylaluminoxane or an organoaluminium com- 
pound capable of reacting with the transition metal compound of Group 4 of the Periodic Table to form an ionic complex. 

20 [0028] The compound of a transition metal of Group 4 of the Periodic Table having a cyclopentadienyl ring, which 
is an essential component of the catalyst, includes zirconium, titanium and hafnium compounds having, as the ligand. 
a polydendate coordnation compound with at least two groups (selected from cycloalkadienyl groups and their deriva- 
tives, concretely from indenyl groups, substituted indenyl groups and their partial hydrides) being bonded to each other 
via a lower alkylene group or a silylene group therebetween. For exanple, the compound includes stereorigid chiral zir- 

25 conium and hafnium compounds, such as ethylene-bis-(indenyl)zirconium dichloride described by H. H. Brintzinger, et 
al.. in J. Organometal. Chem., 288, 63 (1985); ethylene-bis-(indenyl)hafhium dichloride described in J. Am. Chem. Soc.. 
109, 6544 (1987): dimethylsilylenebis{2,4-dimethytcyclopentadienyl)zlrconium dichloride. dimethylsitylenebis(2.4.5-tri- 
methylcycIopentadienyl)zirconium dichlwide, and hafnium dichlorides corre^nding to these complexes described by 
H. Yamazaki, et al., in Chemistry Letters, 1853 (1989). 

30 [0029] Specific examples of the compounds are ethylenebis(indenyl)zirconium dichloride. ethyl enebis(4,5.6, 7-tet- 
rahydro-1-indenyl)zirconium dichloride, ethylenebis(4-methyl-1-indenyl)zirconium dichloride, ethyl enebis(5-methyl-l- 
indenyl)zirconium dichloride. ethylenebis(6-methyl-1-indenyl)zirconium dichloride. ethylenebis(7-methyl-1-indenyl)zir- 
conium dichloride, ethylenebis(2,3-dimethyl-1-lndenyl)zirconium dicNoride. ethyl enebis{4,7-dimethyl-1-indenyl)zlrco- 
nium dichloride. ethylenebis(indenyl)hafnium dichloride. ethylenebis(4,5,6.7-tetrahydro-1 -indenyl)hafnium dichloride, 

35 ethylenebis(4-methyl-1-indenyl)hafnium dichloride, ethylenebis(5-methyl-1-indenyl)hafnium dichloride, ethyl enebis(6- 
methyl:1-indenyl)hafnium dichloride. ethylenebis(7-metiiyl-Mndenyl)hafnium dichloride, ethylenebis(2.3-dimethyl-l- 
indenyl)hafnium dichloride, ethylenebis(4,7-dimethyl-1-indenyl)hafnium dichloride, dimethylsllylenebis[indenyl)zirco- 
nium dichloride, dimethylsilylenebis(indenyl)hafnium dichloride, dimethylsily1enebis(4-methylindenyt)zirconlum dichlo- 
ride, dimethytsilylenebis(indenyl)hafnium dichloride, dimethylsilylaiebis(2,4,5-trimethylcyclopentadienyl)zirconium 

40 dichloride, dimethylsilylenebis(2,4,5-ti-imethytcyclopentadienyl)hafnium dichloride, dimethylsilylenebis(2,4-dimethylcy- 
clopentadienyOzirconium dichloride, dimethylsilylenebis(2,4-dimethyteyclopentadienyl)hafnlum dichloride, dimethylsi- 
lylenebis(3-methylcyclopentadlenyl)zirconium dichloride. dimethylsilylenebis(3-methylcyclopentadienyl)hafnium 
dichloride. dimethylsilyIenebis(2-methyl-4-phenylindenyl)zirconium dichloride, dimethylsilylenebis(benzoindenyl)zirco- 
nium dichloride. etc. 

45 [0030] Further mentioned are (dimethylsilyl)(d)methylsilyt)-bis(lndenyl)zirconium dichloride, (ethylene)(ethylene)- 
bis(indenyl)zirconium dichloride. (ethylene)(ethylene)-bis(3-methynndenyl)zirconium dichloride. (ethylene)(ethylene)- 
bis(4,7-dimethylindenyl)zircontum dichlcwide, etc.; and their derivatives having hafnium or titanium in place of zirconium. 
£0031 ] /te the compound capable of reacting with the transition metal compound of Group 4 of tiie Periodic Table to 
form an ionic conplex, which is a catalyst promoter, preferred are tetra(pentaf luorophenyl)borate anion-containing corn- 
so pounds such as triphenylcartjenium tetrakis(pentafluorc^enyl)t>orate, N,N-dimethylanilinium tetralds(pentaftuorophe- 
nyl)borate, lithium teti-akis(pentafluorophenyl)borate; and tetra(pentafluorophenyl)aluminate anion-containing 
compounds such as triphenylcarbenium telrakis(pentafluorophenyl)aluminate, N.N-dimethylanilinium tetrakis(pen- 
tafluorophenyl)aluminate. lithium tetrakis(pentafluorophenyl)aluminate. 

[0032] the organoaluminium compound, preferred are those having at least one Al-C bond in the molecule. Spe- 
55 cific examples of the organoaluminium compounds of that type are fc-ialkylaluminiums sudi as triethylaluminium, tri- 
isotxitylaluminium. trihexylaluminium, etc.; dialkylaluminium halides such as diethylatuminium halldes, 
diisobutylatunninium haltdes, etc.; mixtures of trialkylaluminlums and dialkylaluminium halides; alkylaluminoxanes such 
as teb'aethyldialuminoxane, tetrabutylaluminoxane. etc. 
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[0033] Of those organoaluminium compounds, preferred are trialkylaluminiums, mixtures of trialkylaluminiums and 
dialkylaluminium halides, and alkylaluminoxanes; and more prefened are triethylaluminium, triisobutylalumtnium. a 
mixture of triethylaluminium and diethylatuminium chloride, and tetraethyJdialuminoxane. As the organoaluminium, pre- 
ferred are triethylaluminium, triisobutylaluminium, etc. 

[0034] The metallocene catalyst and/or its promoter for use herein may be carried on a carrier. The carrier includes 
organic compounds such as polystyrenes, etc.; inorganic oxides such as silica, alumina, etc. 

[0035] The polymerization to give the polymer may be effected in any mode of bulk polymerization, solution polym- 
erization, vapor-phase polymerization, suspension polymerization or the like, and may be effected either in a batchwise 
polymerizaton system or a continuous polymerization system. 

[0036] If desired, pre-polymerization of a small amount of an a-oiefin, such as ethylene, propylene, 1-butene, 4- 
methy!-l-pentene or the like may t>e effected prior to the polymerization to give the polymer. Accordingly, the propylene 
homopolymer of the component (l-A) includes propylene homopolymers as obtained by first pre-polymerizing a small 
amount (at most 0.5 mol% of the final resin) of an a-olef in such as ethylene, propylene or the like, followed by polymer- 
izing propylene. 

[0037] The pdymerizalion temperature may fall generally between -50 and 250''C, but preferably between 0 and 
150''C. The polymerization time may fall generally between 1 and 10 hours; and the pressure may fall generally 
between ordinary pressure and 300 kg/cm^G. 

[0038] The nucleating agent of the component ( 1 -B) to be in the resin composition of the invention may be any one 
capable of readily inducing crystalline nuclei in the propyl ene-based polymer thereby to lower the degree of supercool- 
ing necessary for the start of polymer crystallization, without detracting from the physical properties of the polymer. 
[0039] Specific examples of the nucleating agent for use in the invention are high-melting-point polymers, organic 
cartx>xyltc acids and their metal salts, aromatic sulfonic acids and their metal salts, organic phosphoric add compounds 
and their metal salts, dibenzylidene-sorbitol and its derivatives, partial metal salts of rhodinic acid, fine inorganic grains, 
imides, amides, quinacridones, quinones. arvf their mixtures. 

[0040] The high-melting-point polymers include polyolefins such as polyethylene, polypropylene, etc.; polyvinylcy- 
cloalkanes such as polyvinylcyclohexane, polyvinytcyclopentane, etc.; poly-3-mettiylpentene-1 , poIy-3-methylbutene-1 , 
potyalkenylsilanes. etc. The metal salts include aluminium benzoate, aluminium p-t-butylbenzoate, sodium adipate, 
sodium thiophenecartxucylate. sodium pyrrolecartwxylate, etc. The fine inorganic grains include talc, day, mica, asbes- 
tos, glass fibers, glass flakes, glass beads, caldum silicate, montmorillonite, t>entonite. graphite, aluminium powder, 
alumina, silica, diatomaceous earth, titanium oxide, magnesium oxide, pumice powder, pumice balloons, aluminium 
hydroxide, magnesium hydroxide. t>aslc magnesium cart>onate, dolomite, calcium sulfate, potassium titanate. barium 
sulfate, calcium sulfite, molybdenum sulfide, etc. Of those, preferred are metal salts of organic phosphoric acids of the 
following formula (1-1), as well as fine inorganic grains such as talc and the like, as they give few odors and therefore 
the prenyl ene-based polymer composition of the invention comp>ri^ng any of them is favorat>le to use for edibles. 




wherein represents a hydrogen atom, or an alkyi group having from 1 to 4 cartxxi atoms; and R^ each represent 
a hydrogen atom, an alkyI group having from 1 to 12 carbon atoms, cydoalkyi group, aryt group or aralkyl group; M rep- 
resents any one of an alkali metal, an alkaline earth metal, aluminium or zinc; when M is an alkali metat, then m is 0, 
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and n is 1 ; when M is a divalent metal, then n Is 1 or 2, and, In this case, m is 1 when nisi, and m is 0 when n is 2; and 
when M is aluminium, then m is 1 . and n Is 2. 

[0041 J Films of the propylene-based polymer composition that contains fine inorganic grains such as talc or the tike 

have good slip characteristics, and their secondary workability for forming into bags or for printing thereon is good. 
5 Therefore, they are favorable to general-purpose wra|:pjng and packaging films of all types that are worked In high* 

speed f ilnvworking systems such as various types of automatic filling and lamination packaging systems, etc. 

[0042] Films of the propylene-based polymer composition that cwitains dibenzytidene-sorbitol or its derivative as 

the nucleating agent have especially good transparency, and their di^lay effect is significant. Therefore, they are favo- 

rattle to wrapping and packaging toys, stationery, etc. 
10 [0043] Specific examples of the dibenzylldene-sorbltol derivatives are 1 ,3:2,4-bis{o-3,4-dimethylben2ylidene)sorb- 

itol, 1,3:2,4-bis(o-2,4-dimethylbenzylidene)sorbitol, 1 ,3:2,4-bis(o-4-ethylbenzylidene)sorbitol, l.3:2,4-bls(o-4-chlo- 

robenzylidene)sorbitol, 1 ,3:2,4-dibenzylidene-sorbrtol, etc. 

[0044] Films of the propylene-based polymer composition that contains an amide compound as the nucleating 
agent ^e highly tough and are confronted little with the problem of wrinkle formation when wound in a high-speed bag- 
15 forming machine. Therefore, they are favoraWe to general-purpose films of all types to be worked In high-speed bag- 
forming machines. 

[0045] ^ecific examples of the amide compounds are adipic acid dianilide, suberic acid dianilide, etc. 
[0046] The amount of the nucleating agent to be added to the prqsylene-based polymer is generally at least 10 
ppm, preferably from 50 to 3000 ppm. If its amount added is smaller than 10 ppm, the low-temperature heat-sealablllty 
20 of the conrposition could not be improved. On the other hand, even if its amount added is too much, such will be mean- 
ingless for augmenting the effect of the nucleating agent added. 

[0047] Though depending on its type, it Is generally desirable that the anx>unt of the nucleating agent to be added 
Is at most 1000 ppm, more preferably at most K)0 ppm, in view of the transparency and the Impact resistance of the 
propylene-based resin composition. More concretely. It is desirable that the amount of the sorbitol-type nucleating 

25 agent, dibenzylidene-sorbitol to be added is at most 3000 ppm. more preferably at most 1500 ppm, even more prefer- 
ably at most 500 ppm. The amount of bis<p-methylbenzylidene)sort3itol or bls(dimethylbenzylldene)sorbitol is preferatrfy 
at most 1200 ppm. more preferably at most 600 ppm, even more preferably at most 300 ppm. Regarding metal salts of 
organic phosphoric acids, the amount of sodium salt of an organic phosphoric acid Is preferably at most 500 i^m, nrtore 
preferatjiy at most 250 ppm, even more preferably at most 125 ppm. The amount of Al salt of an organic phosphoric 

30 acid is preferably at most 1 900 ppm, more preferably at most 1 500 ppm. even more preferably at most 500 ppm. As talc, 
usat>le is Talc MMR from Asada Milling. Its amount Is preferably at most 4000 ppm, more preferably at most 2000 ppm, 
even more preferably at nrrost 1000 ppm. As the anrude conrpound, usatrfe is N Jester NU-100 from Shin-Nippon Rika. 
Its amount Is preferably at most 3000 ppm, more preferably at most 1500 ppm, even more preferably at most 500 ppm. 
[0048] The secofKl resin composition of the first aspect of the Invention is a propylene-based polymer conrposition 

35 coirprislng (l-A") a propylene-based random copolymer obtained through polymerization of propylene, and ethylene 
and/or an a-olef In having from 4 to 20 cartKtn atoms in the presence of a metallocene catalyst, and having a propylene- 
derived structural unit content of from 80 to 1 00 mol%, an ethylene and/or C4-20 a-olef in-derived structural unit content 
of from 0 to 20 mol%, a molecular weight distribution (Mw/Mn) of at nrost 3.5, and an Intrinsic viscosity [r\] of from 0.5 
to 5.0 dl/g, and (1 -B) at least 1 0 ppm of a nucleating agent. 

40 (00491 The component (1 -A") to be in the resin composition is a propylene-based random copolymer, of vimich the 
ethylene and/or C4-20 a-olef in-derived structural unit content is prefer^ly at most 40 % by weight, more preferably 
from 0 to 20 mol%, even more preferably from 0 to 10 nrofX. If the ethylene and/or C4-20 a-olef in-derived structural unit 
content of the propyl ene-t>ased random copolymer is larger than 20 mol%, the toughness of the films of the conpositicMi 
will t>e low and unsatisfactory 

45 [0050] The molecular weight distribution (Mw/Mn) of tfie prcpylene-based random opolymer is preferably at nfK>st 
3.5, more preferably at most 3.0, even more preferably at most 2.5. If the molecular weight distribution (Mw/Mn) of the 
copolymer Is larger than 3.5, tiie heat-sealablllty and the anti-blocking properties of the conposition will be low and 
poor. 

[0051 ] The intrinsic viscosity [ti] of the propylene-based random cqDOlymer generally falls between 0 .5 and 5.0 dl/g, 
50 preferably between 0.5 and 3.0 dl/g, more prefer^y between 1 and 3 dl/g, even more preferably between 1.0 and 2.5 

dl/g. 

[0052] Also preferably, the boiling diethyl ether extraction of the copolymer is preferably at most 2.6 % by weight, 
more preferably at most 2.3 % by weight. 

[0053] The propylene-tased random copolymer to be in the resin conposition is prepared by catalytlcally mixing 
55 propylene with ethylene and/or an a-olef in having from 4 to 20 carton atoms. It Is not necessary that the blend ratio of 
the monomers constituting the reaction system is kept all the time constant. As the case may be, the monomers may 
be fed into a reactor in a predetermined ratio, or the blertd ratio of the nnonomerB may be varied with the lapse of reac- 
tion time. In consideration of the copolymerization ratio, any of the nxjnomers may be divided Into plural portions, axvi 
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the plural portions may be intermittently added to ttie reaction system at differertt times. It is also possittle to continu- 
ously Introduce a mixed monomer gas having a predetermined blend ratio into the reaction system while the excess gas 
is continuously discharged from the system through a degassing valve. In this case, the blend ratio of the monomers in 
the reaction system could be kept all the time constant. As a molecular weight-controlling agent, hydrogen may be inftro- 

5 duced into the reaction system. 

[00541 Like the propylene homopolymer to be in the first resin composition, the propylene-based random copolymer 
of the conponent (1-A') to be in this resin composition may be prepared through polymerization of propylene with an a- 
olefin such as that mentioned above, in the presence of a metallocene catalyst that comprises a corrpound of a transi- 
tion metal of Group 4 of the Periodic TatJe having a cyclopentadienyl ring, and methylalumlnoxane or an organoalumin- 

10 ium compound capable of reacting with the transition metal compound of Group 4 of the Periodic Table to form an ionic 
complex. 

[0055] Specific examples of the metallocene catalyst and its prorrKter to be used herein may be the same as those 
mentioned atjove for the propylene homopolymer to be in the first resin composition, and their detailed description is 
omitted herein. 

15 [0056] The propylene-based polymer may be blended with any other polymer within ttie range that satisfies the for- 
mula (I) mentioned hereinunder. The other polymer includes high-density polyethylene, Icw-densrty polyethylene, linear 
low-density polyethylene, conventional propylene random copolymers and Uock copolymers, etc. 
[0057] The polymerization method and also the conditions for pre-polymerization and polymerization for the propyl - 
ene-t>ased random copolymer may be the same as those for Uie propylene homopolymer to be in the first resin compo- 
se sition. 

[0058] The nucleating agent (1 -B) to be in this resin composition is the same as that to be in the first resin compo- 
sftion, and its detailed description is onrvtted herein. 

[0059] In this resin composition, the amount of the nucleating agent is at least 10 ppm relative to the propylene- 
based random cqx>Iymer. The details of the preferred range of the amount of the nucleating agent may be the same as 
25 those mentioned hereinabove for the first resin composittcn, and are omitted herein. 

[0060] Preferably the first and second resin compositions of the invention satisfy the following formula (1 -II): 

TM^22x HST-1850 (1-11) 

30 wherein TM (MPa) indicates the tensile nrodulus of the compositions in the MD direction and HST ('C) indicates the 
heat-sealing tenperature thereof, more preferably, 

TMs22xHST-1800 (1-11)', 

35 even more preferably, 

™ ^22 X HST -1750 (1-11)". 

. [0061] The tensile modulus (TM) of the compositions in the MD direction is measured in a tensile test according to 
40 J IS K-7127, for which the cross-head speed is 500 mnVhiin. In the test, the film sample is measured in the MD direction 
(machine direction in which the sample is taken up), and its thickness is typically 25 \im. 

[0062] The heat-sealing temperature (HST) is measured according to J IS Z-1 707. The details of the condition for 
the test are descrtoed in Examples. 

[0063] The first and second resin compositions of the invention comprises a prcpylene-based polymer prepared in 
45 the presence of a metallocene catalyst such as that mentioned hereinabove, and a nucleating agent, in which Ihe 
amount of the nucleating agent is generally at least 10 ppm. Films of the resin compositions well-balanced and high- 
level toughness and heat-sealability. 

[0064] The second aspect of the invention is described in detail hereinunder. 

[0065] The resin composition of the second aspect of the invention is a polypropylene-based resin composition 
so connprising (2-A) from SO to 99 parts by weight of a propylene homopolymer obtained through polymerization in the 
presence of a metallocene catalyst and having an isotactic pentad fraction (mmmm fraction) of from 80 to 99 mo!%, an 
intrinsic viscosity [ii] of from 1 .0 to 2.0 dl/g, and a molecular weight distribution (Mw/Mn) of at most 3.5, and (2-B) from 
1 to 50 parts by weight of a propylene homopolymer obtained through polymerization in the presence of a metallocene 
catalyst and having an intrinsic viscosity of from 0.01 to 1 .0 d!/g, and a molecular weight distribution (Mw/Mn) of at 
55 most 3.5. 

[0066] The second aspect of the invention is based on the finding that the propylene homcpolymer of the compo- 
nent (2-B) functions as tfie nucleating agent to be in the first aspect of the invention. 

[0067J The component (2-A) to be in the invention is a prcpylene homcpdymer obtained through polymerization in 
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the presence of a metal locene catalyst, and it may be a propylene-based polymer prepared through pre-polymerization 
of propylene with a small amount (at most 0.5 mol%) of ethylene or an a-olefin having from 4 to 20 carbon atoms. The 
polymer has an isotactic pentad fraction (mmmm fraction), a stereospecificity index of polypropylene, of from 80 to 99 
mol%, preferably from 85 to 97 mol%, and has an intrinsic viscosity of from 1 .0 to 2.0 dl/g, preferably from 1 .5 to 1 .8 

5 dl/g, and a molecular weight distribution (MwVMn) of at most 3.5. preferably at nrrasl 3.0. 

[0068] If the isotactic pentad fraction of the homopolymer is smaller than 80 mol%, the toughness of the films of the 
composition will be low; but if larger than 99 mol%. the impact resistance of the films will be low. 
[0069] If the intrinsic viscosity [ti] of the homopolymer is smaller than 1 .0 dl/g, the workability ot the composition into 
films will be poor ; but if larger than 2.0 dl/g. the fluidity of the composition will be low and the composition will be difficult 

10 to mold. 

[0070] It the molecular weight disfrtbution (Mw/Mn) of the homopolymer is larger than 3.5, the heat-sealability and 
even the anti-blocking properties of the composition will be low and poor. 

[0071] The propylene-based polymer of the component (2-A) to be used in the invention may be prepared by the 
use of the same catalyst as that for the propylene homopolymer to be in ttte first resin composition of the first aspect of 
15 the invention, and the detailed description of the catalyst for the polymer is omitted herein. 

[0072] The polymerization temperature for the polymer may iaW generally between -50 and 250**C, preferably 
between 0 and tSCC; the polymerization time may fall generally between 1 and 10 hours; and the pressure may fall 
generally between normal pressure and 300 kg/cm^. 

[0073] The propylene-based polymer of the confponent (2-A) to be used in the invention may be prepared under 
i*£j the same polymerization condition as that for the propylene homopolymer to be in the first resin composition of the first 
aspect of the invention. The infrinsic viscosity of the polymer may be conf oiled by varying the polymerization tempera-, 
ture and the partial hydrogen pressure during the polymerization reaction for the polymer. Concretely, the propylene- 
based polymer of the component (2-A) may be produced through polymerization at a polymerization temperature falling 
between 0 and 100'C, preferably between 30 and 90°C. and under a partial hydrogen pressure falling between 0 and 
25 5 kg/cm^G. preferably between 0 and 2.5 kg/crn^. 

[0074] The component (2-B) for use in the Invention is a propylene homopolymer produced through polymerization 
in the presence of a metallocene catalyst, and it may be a propylene-based polymer prepared through pre-polymeriza- 
tion of propylene with a small amount (at most 0.5 mol%) of ethylene, or an a-ofefin having from 4 to 20 carbon atoms. 
The polymer has an intrinsic viscosity of from 0.01 to 1 .0 dl/g, preferably from 0.1 to 0.8 dl/g. and a molecular weight 
30 distribution (Mw/Mn) of at most 3.5, preferably at most 3.0. 

[0075] If the infrinsic viscosity [nl of the homopolymer is smaller than 0.01 dl/g, films of the composition will be 
sticky; but if larger than 1 .0 dl/g. the heat-sealability of the composition will be poor. 

[0076] If the molecular weight disfribution (Mw/Mn) of the homopolymer is larger than 3.5, the heat-sealability and 
even the anti-blocking properties of the composition will be low and poor. 
35 [0077] From the viewpoint of the toughness of films of the composition, it is desirable that the component (2-B} has 
an isotactic pentad fraction (mmmm fraction) of from 80 to 99 nrx)l%. 

[0078] Basically, the same metallocene catalyst and promoter as those for the propylene-based polymer of the 
component (2-A) mentioned above may be used in polymerization to give the component (2-B). and the polymerization 
to give the component (2-B) may be effected under the same condition as that for the component (2-A). Concretely, the 
40 propylene-t>ased polymer of the component (2-B) may be produced through polymerization at a polymerization temper- 
ature falling between 50 and tSO-C, preferably between 50 and lOO'C. and under a hydrogen partial pressure falling 
between 0.1 and 10 kg/cm^G, preferably between 0.5 and 5 kg/cm^G. 

[0079] The blend ratio (by weight) of the component (2-A) to the component (2-B) in the propylene-based polymer 
composition of the invention falls between 99/1 and 50/50, preferably between 99/1 and 75/25. more preferably 
45 between 99/1 and 90/10. H the proportion of the conponent (2-B) is smaller than 1 %. the heat-sealability of the com- 
position will be poor; but if larger than 50 %, the tensile modulus and the impact resistance of the composition will be 
poor. 

[0080] The third aspect of the invention is described in detail heretnunder. 

[0081 ] The propylene-based resin of the third aspect of the invention comprises (3- A) from 55 to 99 parts by weight 
so of a copolymer of propylene and an a-olefin having at least 5 carbon atoms, and (3-B) from 1 to 45 parts try weight of 
a propylene-based polymer of which the crystallization temperature as measured through differential scanning calorim- 
etry is higher than that of (3-A). 

[0082] The copolymer (3-A) for use in the invention is a copolymer of propylene and an a-olefin having at least 5 
carbon atoms. If propylene homopolymer is used in place of the copolymer, tiie low-temperature heat-sealability of the 
55 resin composition will be poor. The a-olefin having at least 5 carbon atoms is not specifically defined, concretely includ- 
ing 1-pentene, 4-methyl-1-pentene, 1-hexene. 1-heptene, 1-octene, 1-nonene, 1-decene. l-dodecene. 1-fridecene, 1- 
tefradecene, 1-pentadecene, 1-hexadecene, 1-heptadecene, 1 -octadecene, etc. Of those, preferred are 1-octene. 1- 
dodecene and 1 -decene. Ethylene units or 1 -butene units from the corresponding a-olef ins are inferior to the units from 
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a-olefins having at least 5 cartxjn atoms, since the former are not so much effective for lowering the melting point of 
polypropylene as compared with the latter, and therefore the effect of the former to inrprove the low-temperature heat- 
sealability of the resin composition is not satisfactory. Preferably, the copolymer (3- A) for use in the invention satisfies 
the following requirements (A-i) and (A-ii): 

5 

(A-i) The amount (W(A)p) of its fraction eluted witNn the temperature range between (Tp - 5)*C and (Tp + 5)°C is 
at least 70 % by weight, with Tp being the peak temperature for essential elution in the tenperature-programmed 
fractionation chromatography (TREF) of the copolymer, and 

(A-ii) The amount (W(A)O) of its fraction eluted within the temperature range not higher than O'C in the temperature- 
10 programmed fractionation chromatography of the copolymer is at most 3 % by weight. 

[0083] More preferably. W(A)p is at least 75 % by weight, even more preferably at least 80 % by weight. If W(A)p is 
smaller than 70 % by weight, the compositional distribution of the copolymer wilt be broad, and the TREF curve will give 
any other peaks in addition to the essential elution peak or tfie essential elution peak a]:pearing in tfie curve will trail 

15 long to the higher-temperaiure side or to the lower-temperature side. If the essential elution peak trails long to the 
higher-temperature side, or if some side peaks appear in the higher-temperature side relative to the essential elution 
peak, the heat-seal ability of the composition is often poor. On the other hand, if the essential elution peak trails long to 
the lower-temperature side, or if some side peaks appear in the tower-temperature side relative to the essential elution 
peak, films, fibers, sheets and moldings of the composition will be sticky. W(A)0 is preferably at most 2 % by weight. 

20 more preferably at most 1 .5 % by weight. If W(A)0 is larger than 3 % by weight, films, fibers, sheets and moldings of the 
composition will be sticky and undesirable. 

[0084] Also preferably, the copolymer (3-A) for use in the invention satisfies at least any one of the following (A-ili). 
(A-iv) and (A-v): 

25 ( A-iii) The content of a-olef in units having at least 5 carbon atoms (a mol%) in the cc^lymer (3-A) is from 0. 1 mol% 
to 12 mol%; 

(A-iv) The stereospecifidty index (P) of the copolymer (3-A) is at least 85 mol%; and 

(A-v) The intrinsic viscosity ([r|]) of the copolymer (3-A). as measured in decalin at ^Z5'C. is from 0.5 to 3.0 g/dl. 

30 [0085] More preferably, the content of a-olefin units having at least 5 cattwn atoms in the copolymer (3-A) is from 
0,2 mol% to 1 1 mol%, even more preferably from 0.3 woX% to 10 mol%. If the a-oldin unit content of the copolymer (3- 
A) is smaller than 0.1 mo(%. the heat-sealabiltty of the composition could not be inrproved to a satisfactory degree; but 
if larger than 12 mol%. the crystallinity of the copolymer will be low and the toughness of the composition will be poor. 
Therefore, the content overstepping the range is undesirable. (P) of the copolymer is more preferably at least 90 mol%. 

35 even more preferably at least 95 mol%. If (P) is smaller than 85 mol%, the crystallinity of the copolymer will be tow and 
the toughness of the composition will be poor (P) indicates the isotactic fraction of the triad units in the copolymer as 
measured through ''^C-NMR, and the details of the method of measuring it are shown in the section of Examples. [r\] 
of the copolymer preferably falls between 0.5 and 3.0 dl/g. If [t\] oversteps the range, molding the composition will often 
end in failure. 

40 [0086] Also preferably, the melting point (Tma ("C)) of the copolymer (3-A) as measured through differential scan- 
ning calorimetry satisfies the following formula: 

Tma s 140°C, and Tma s 160 - 7a (3-ii), more preferably, 
Tma ^ ISCC, and Tma s: 155 - 7a (3-iii), even more preferably, 
45 Tma 5 120''C, and Tma £ 150 - 7a (3-iv), still more preferatdy, 
Tma ^ 1 1 5'*C, and Tma i 1 45 - 7a (3-v). 

[0087] If Tma oversteps the defined range, ttie low-temperature heat-sealability of the composition will be poor. 
[0088] The propyl ene-based polymer (3-B) for use in the invention has a crystallization temperature higher than 

50 that of the copolymer (3-A), as measured through differential scanning calorimetry. If a propylene-based polymer, of 
which the crystallization temperature as measured through differentia! scanning catorimetry is lower than that of the 
copolymer (3-A), is used as the component (3-B). the moldabiiity of the composition could not be improved. 
[0089] The composition and the structure of the propylene-based polymer (3-B) are not specifically defined. Any 
suitable one having a higher degree of crystallinity than the copolymer (3-A) may be selected from polypropylene 

55 homopolymer and copolymers of propylene with other a-olefins. for use as the component (3-B). For example, as ttie 
polypropylene homopolymer. usable is isotactic polypropylene having a high degree of stereospecificity. such as that 
having an isotactic pentad fraction, a stereospecificity index, of at least 85 mol%. preferably at least 90 mol%. more 
preferably at least 95 mol%. 
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[0090] As the copolymers of propylene with other a-olefins, preferred are ethylene/jDropylene copolymers, ethyl- 
ene/1 -butene/propylene copolymers, 1 -butene/propylene copolymers, etc. As the ethylene/propylene copolymers, 
especially preferred are those described in Japanese Patent Application Nos. 288052/1396 and 313210/1996. 
[0091 ] As the ethylene/1 -butene/propylene copolymers, prefen-ed are those described in Japanese Patent /Vpplica- 

5 tion Nos. 209210/1997 and 222356/1997. 

[0092] These copolymers of propylene and other a-olefins are characterized by high stereospecif icity of the propyl- 
ene chains constituting them and by high crystallinity despite of their relatively low melting point. 
[0093] Also preferably, the propylene-based polymer (3-B) has a melt index falling between 0.1 and 1 00 g/min. 
[0094] The propytene-based resin of the invention comprises from 55 to 99 parts by weight of the copolymer (3-A) 

10 and from 1 to 45 parts by weight of the propylene-based polymer (3-B), but preferably from 55 to 98 parts by weight of 
the copolymer {3-A) and from 2 to 35 parts by weight of the propylene-based polymer (3-B). more preferably from 75 to 
95 parts by weight of the copolymer (3-A) and from 5 to 25 parts by weight of the propylene-based polymer (3-B). If the 
proportion of the copolymer (3-A) is smaller than 55 parts by weight, the low-temperature heat-sealatality of the resin 
composition could not be improved to a satisfactory degree. On the other hand, if the proportion of the propylene-based 

15 polymer (3-B) is smaller than 1 part by weight, the moldability of the resin conposition could not be improved to a sat- 
isfactory degree. 

[0095] Also preferatjiy, the prc^ylene-based resin of the invention satisfies the following formula: 

Tcb - Tea ^ 20 (3-i) 

20 

wherein Tea ("C) indicates the crystallization temperature of the copolymer (3-A). and Tcb ("C) indicates the crystalli- 
zation temperature of the propylene-t>ased polymer (3-B), both measured through differential scanning calorimetry. 
more preferably, 

25 Tcb - Tea > 30 (3-vi). 

even more prefer^y. 

Tcb - Tea i 40 (3-vii). 

30 

[0096] If the value of Tcb - Tea is small, the moldability of the resin composition could not be improved to a satis- 
factory degree. 

[0097] Also preferably, the propylene-based polynoer (3-B) satisfies the following formula: 

35 Tmb - Tcb ^ 50 (3-viii) 

wherein Tmb (°C) and Tcb (°C) each indicate the melting point and the crystallization temperature, respectively, of the 
polymer {3-B), both measured through differential scanning calorimetry. 
more preferably, 

40 

Tmb - Tcb i 45 (3-ix), 

even more prefer^y. 

45 Tmb - Tcb £ 40 (3-x). 

[0098] The smaller value of Tmb - Tcb is preferred, as the negative influence of the polymer (3-B) on the low-tem- 
perature heat-sealability of the resin composition could be reduced more. 

[0099] Also preferably, the propylene-based resin of the invention satisfies the following requirements (i). (ii) and (iii) 
so in its temperature-programmed fractionation (^iromatogreiphy: 

(i) The amount {W(H)p) of its fraction eluted within the temperature range between (Tp - 5)°C and (Tp + 5)*C is at 
least 65 % by weight, with Tp being the peak temperature for essential elution; 

(ii) The amount (W(H)O) of its fraction eluted within the temperature range not higher than O^C is at most 3 % by 
55 weigfrt; and 

(iii) The amount (W(H)10) of Its fraction eluted within the temperature range not lower than Tp + 10'C is from 1 to 
45 % by weight of all eluates. 
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[0100] More preferably, W(H)p is at least 70 % by weight, even more preferably at least 75 % by weight, still more 
preferably at least 80 % by weight. If W(H)p is smaller than 65 % by weight, the low-temperature heat-sealabitity of the 
resin composition will be poor. 

[01011 Also more preferably, W(H)0 is at most 2 % by weight, even more preferably at most 1.5 % by weight. If 
5 W(H)0 is larger than 3 % by weight, the anti-blocking prcperties of the resin composition will be not good. 

[0102] Also nx>re preferably, W(H) 10 falls between 2 and 35 % by weight, even more prefer^ly between 3 and 25 
% by weight, still more preferably between 4 and 20 % by weight If W{H)10 is smaller than 1 % by weight, molding the 
resin conrposition will end in failure; but if larger than 45 % by weight, the low-temperature heat-sealabiltty of the resin 
composition will be poor. 

10 [0103] Also preferably, the peak top temperature of the propylene-based resin of the invention is not lower than 
85°C on the highest temperature side in the crystallization curve of the resin as measured through differentia! scanning 
calorimetry, more preferably not lower than gcC. even more preferably not lower than GS'C, still more preferably not 
lower than lOCC. If the peak top tennperature of the resin on the highest temperature side in the crystallization curve 
is lower than SS^C, the moldability of the resin composition could not be inrproved to a satisfactory degree. 

IS [0104] Also preferably, the peak top temperature of the propylene-based resin of the invention is not higher than 

* ISCQ on the lowest temperature side in the melting curve of the resin as measured through differential scanning calor- 
imetry, more preferably not higher than 140°C, even more preferably not higher than 130*0, still more preferat^y not 
higher than 120*C. If the peak top temprerature of the resin on the lowest temperature side in tiie melting curve is higher 
than 150°C. the low-terrperature heat-sealability of the resin corrposilion will be poor 

20 [0105] In the propylene-based resin of the invention, the copolymer (3-A) Is prepared through polymerization, for 
exanrple. in the methods of Examples, which, however, are not limitative. Any and every method capable of producing 
the copolymer as above is enrployable herein with no spedf ic limitation. 

[0106] As the catalyst for the polymerization to give the copolymer, preferred are metallocene catalysts comprising 
a conbination of a metallocene transition metal compound with an organoaluminium compound or a boron compound, 

25 etc. The metallocene transition metal compound includes transition metal compounds of Group 4 of the Periodic Table, 
specifically those with titanium, zirconium of hafriium, to which is/are bonded one or two groups selected from cyclopen- 
tadlenyl groups, substituted cyclopentadienyt groups, indenyl groups, substituted indenyl groups. tetrahydroirKlenyl 
groups, substituted tetrahydrolndenyl groups, f luorenyl groups and substituted fluorenyl groups, or to which is bonded 
a crosslinked group of two of those grotps as crosslinked via covalent bonding, and which have a ligand containing any 

30 of hydrogen atoms, oxygen atoms, halogen atoms, alkyi groLps, alkoxy groups, aryl groups, acetylacetonato groups, 
cariDonyl groups, and nitrogen, oxygen, sulfur, phosphorus and silicon atoms. 
. [0107] Ttie organoaluminium compound includes various types of aluminoxane compounds. Especially preferred is 
methylaluminoxane. In addition, any other organoaluminium conpounds such as trimethylaluminlum, triethylaluminium, 
triisobutylaluminium, diethylaluminium dichloride arKi the like may be combined with the transition metal compound. 

35 [0108] As the ionizing agent, preferred are boron compounds. The boron compounds include trialkyl-substituted 
ammonium salts such as trielhylanmonium tetraphenyl borate: N,N-dialkylanillnlum salts such as N.N-dimethyHetra- 
phenyl borate; and phenylboron compounds such as trispentafluorophenylboron. 

[0109] The metallocene catalyst and/or the organoaluminium compound may be carried on some carrier. The car- 
rier includes organic compounds such as styrene. etc.; and inorganic compounds such as silica, alumina, etc. 
40 [0110] As the case may be, the polymerization to give the copolymer (3-A) may comprise pre-polymerlzation of pro- 
pylene with a small amount of an a-olefin, such as ethylene, prcpylene, 1-butene or even an a-oletin having at least 5 
caribon atoms. 

[01 11] The cppolymerization of propylene with an a-olefin having at least 5 carbon atoms to give the copolymer is 
not specifically defined, and may be effected in any mode of bulk polymerization, solution polymerization, vapor-phase 
45 polymerization, suspension polymerization or the like. It may be effected either in a batchwise polymerization system 
or a continuous polymerization system. 

[0112] Feeding monomers to the reaction system is not also specifically defined, and may be effected in various 
methods. It is not necessary that the blerxJ ratio of the monomers constituting ^e reaction system is kept all the time 
constant As the case may be, ihe monomers may be fed into a reactor in a predetermined ratio, or the blend ratio of 

50 the monomers may be varied with the lapse of reaction time. In consideration of the copolymerization ratio, any of the 
monomers may be divided into plural portions, and tine plural fwrtions may be intermittently added to the reaction sys- 
tem at differerrt times. It is also possible to continuously introduce a mixed monomer gas having a predetermined blend 
ratio Into the reaction system while the excess gas Is continuously discharged from the system through a degassing 
valve. In this case, the blend ratio of the monomers in the reaction system could be kept all the time constant. As a 

55 molecular weight-controlling agent, hydrogen m^ be introduced into the reaction system. 

[0113] The polymerization condition is not also spedf ically defined, and any conditions like those In known methods 
are employable herein. For example, the polymerization temperature may fall generally between -50 and 250''C, pref- 
erably between 0 and 150''C; and the polymerization pressure may fall between ordinary pressure and 300 kg/cm^. 
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The polymerization time may fall between 1 minute and 10 hours or so. 

[0114] In the propylene-based resin of the invention, the propyl ene-based polymer {3-B) Is prepared through 
polymerization, for example, In the methods of Examples, which, however, are not limitative. Any and every method 
capatjie of producing the propylaie-based polymer as above is employable herein with no specific limitation. 

5 [01151 To produce the propylene-based polymer (3-8), for exanple, preferably used are catalysts comprising a 
solid catalyst component with essential ingredients of magnesium, titanium and halogen, an organometallic compound 
catalyst component such as an organoaluminium compound or the like, and an electron donor conpound catalyst com- 
ponent such as a silane compound or the like. For this, also preferred are metallocene catalysts comprising a combina- 
tion of a metallocene transition metal compound with an wganoaluminium compound or a boron compound, etc., such 

10 as those mentioned above. 

[01 1 6] The polymerization condition is not also specifically defined, and any conditions like those in known methods 
are employable herein. For example, the polymerization tenrperature may fall between 20 and 150'C; and the polymer- 
ization pressure may fall between atmospheric pressure and 40 kg/cm^G. The polymerization time may fall between 1 
minute and 10 hours or so. If desired, hydrogen may be used as a molecular weighl-controHing agent. As the case may 

15 be, the polymer may be copolymerized with comonomers of ethylene, 1-butene, a-olefins having at least 5 carbon 
atoms, etc. 

[01 1 7] The propylene-based resin of the invention is obtained by blending tiie copolymer (3- A) and the propylene- 
based polymer (3-B). Blending Ih&ti is not specifically defined, and may be effected in any desired nranner. In the fol- 
lowing Examples, the copolymer (3-A) and the propylene-based polymer (3-B) are prepared separately, and the two are 
20 Wended to obtain the resin composition. However, the method is not limitative. Another method different from this is also 
employable to ctoiain the resin mixture. For example, a prqaylene-tiased polymer (3-B) is prepared through polymeriza- 
tion in a first reactor, and this is transferred into a second reactor. In the second reactor in that condition, propylene is 
polymerized with an a-olefin having at least 5 ca^on atoms. In this method, it is not always necessary that the catalyst 
in the first-stage reaction is ttie same as that in the second-stage reaction. Any desired catalyst favorable to each reac- 
ts tion may be used in any desired manner. 

[0118] The fourth aspect of the invention is described herelnunder. 

[01 1 9] The first embodiment of the fourth aspect of the invention is a propylene-based random copolymer of pro- 
pylene and an a-otefin having at least 5 cartoon atoms, which satisfies the following formula (4-1); 

30 Tm i 140, and Tm ^ 160 - 7a (4-1) 

wherein Tm (*C) indicates the melting point of the copolymer measured through differential scanning caiorimetry, 
and a (mol%) indicates the content of a-oiefin units having at least 5 carbon atoms in the copolymer; 
and satisfies the following fwrnula (II): 

35 

Tc ^ 0.75Tm - 15 (4-11) 

wherein Tc ("C) and Tm (*C) each indicate the crystallization temperature and the melting point, respectively, of 
the copolymer both measured ttirough differential scanning caiorimetry. 
40 (01 20] The a-olefin having at least 5 cartwn atoms to be used in producing the propyl ene-based random copolymer 
of this embodiment includes l-pentene, 4-methyl-l-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene. 1-tetra- 
decene, 1-hexadecene, 1 -octadecene, 1-eicosene, etc. In this embodiment, used are one or more of these a-olefins. 
Preferably used is at least one of 1-octene, 1-decene and 1-dodecene. 

[01 21 ] Tm (°C) and a (mol%) of the propylene-tiased random copolymer of the invention must satisfy the following 
45 formula (4-1): 

Tm^ 140, andTm^ 160-7a (4-1). 

[0122] If its Tm is atx>ve the value of 140 and "160 • 7a", tiie copolymer could not have well-balanced low-tenrper- 
50 ature heat-sealability and toughness. In view of the balance of the physical properties of the copolymer, it is desirable 
that Tm satisfies the following: 

Tm ^ 130. and Tm i 155 - 7a, 

55 more preferably, 

Tm £ 120, and Tm £ 150 - 7a, 
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even more prefer^y, 

Tm i 115, and Tm £ 145 - 7a. 

5 [0123] Tc (*C) and Tm ("C) of the copolymer must satisfy the following formula (4-11); 

Tc^0.75Tm-15 (4-11). 

[0124] If Tc is smaller than "O.lSTm - 15", molding the copolymer will often end in failure. In order to prevent it from 
10 giving failed moldings, it is desirable that the copolymer satisfies the following: 

Tci0.75Tm- 10. 

more preferably. 

15 

Tc i 0.75Tm - 5. 

[0125] It is desirable that the content of a-otefin units having at least 5 carbon atoms in the propylene-based ran- 
dom copolymer of the Invention falls between 0.1 and 12 nTOl%. more preferably between 0.2 and 1 1 mol%. even more 
20 preferably between 0.3 and 10 mol%. If the content is smaller than 0.1 mol%, ttie low-temperature heat-sealability of 
the copolymer could not be improved to a satisfactory degree; but if larger than 1 2 mol%, the crystallinity and therefore 
the toughness of the copolymer will be low. 

[0126] Preferably, the propylene-based random copolymer of the invention has a stereospecrficity index, an isotac- 
tic fraction (P) of triad urate as measured through ^^C-NMR. of at least 85 mol%. more preferaljly at least 90 mol%, even 
25 more preferably at least 95 rTKil%. If the isotactic fraction (P) is smaller than 85 mol%, ttie aystallintty and therefore the 
toughness of the copolymer will be low. The method of determining the isotactic fraction (P) is described in the following 
Exarrples. 

[0127] Also preferably, the propytene-based random copolymer of the Invention has an intrinsic viscosity [r|], as 
measured in decalin at 135''C, of from 0.5 to 3 dt/g. more preferably from 0.6 to 2.9 dl/g. If its Intrinsic viscosity [t|] over- 

30 steps the defined range, forming the copolymer into films will often end in failure. 

[0128] To produce the propylene-based random copolymer of the invention, various types of nwtallocene catalysts 
can be used. Preferably used are metallocene catalysts connprlsing a connbination of a metallocene transition metal 
compourxl with an organoaluminium compound or an ionizing agent (e.g., boron compound), etc. The metallocene cat- 
alysts and the polymerization condttions for the copolymer may be the same as those mentioned hereinabove for the 

35 third aspect of the invention, and ttieir detailed description is omitted herein. 

[0129] The second emtxxilment of the fourth aspect of the invention is a propytene-based random copolymer com- 
position comprising (4-A) a propylene-fcased random copolymer of propylene and an a-olefin fiaving at least 5 cartx)n 
atoms, arKl (4-B} a substance having the capability of nucteation. 

[0130] Ttie substance having the capatHlity of nucleation for the conponent (4-B) (this may be hereinafter referred 
40 to as a "nucleating agent^ may be a substance capatrfe of readily inducing crystalline nuclei In a propylene-based pol- 
ymer to thereby reduce the degree of supercooling necessary for the polymer crystallization but not detracting from the 
physical properties ol the polymer at all. 

[0131] The nucleating agent to be in the conposition may be any one capable of readily inducing crystalline nuclei 
in the propylene-based polymer thereby to lower the degree of supercooling necessary for the start of polymer crystal- 

45 lizatlon, without detracting from the physical properties of the polymer. Its specific examples and Its ^ount to be added 
to the polymer may be the same as ttiose mentioned hereinabove, and their detailed description is omitted herein. 
[0132] The propylene-lDased random copolymer composition of this embedment, which comprises the component 
(4-A) and the component (4-B), must satisfy the formula (4-1) that indicates the relationship between the melting point 
(Tm (*'C)) of the composition (this is measured through differential scanning calorimeti'y like In the first embodiment as 

50 above) and the content (a (nnol%)) of a-olefin units having at least 5 carbon atoms in the composition, and also the for- 
mula (4-11) that indicates the relationship between the crystallization tenrperature (Tc ("C)) and the melting point (Tm 
C^O) of the conposltion Ixjth measured through drtferential scanning calorimetry for the same reasons as those for the 
first emtxxiiment mentioned above. The preferred ranges of those formulae may be the same as those mentioned here- 
inabove for the first embodiment and their detailed description is not repeated herein. 

55 [01 33] For the prcpylene-based random copolymer of the component (4-A) in the conposltion of this emt)Odiment, 
It is desirable that the content of a-defin units having at least 5 cart>on atoms In the copolymer and also the isotactic 
fraction (P) and the intrinsic viscosity [nl of the copolymer all fait within the preferred ranges mentioned hereinabove for 
the first embodiment, for the same reasons as those for the first embodiment The detailed description of the preferred 
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ranges of those parameters oi the copolymer is omitted herein, 

[01 34] The fifth aspect of the invention is described in detail hereinunder. 

[0135] The first embodiment of the fifth aspect of the invention is a prop/lene-tiased random copolymer of propyl- 
ene and 1-butene, which satisfies the following formula (5-1): 

5 

Tmi160-3a (5-1) 

wherein Tm (°C) indicates the melting point of the copolymer measured through differential scanning calorimetry, and 
a (nfK>l%) indicates the 1 -butene unit content of the copolymer. 
10 [0136] if its Tm is above the value of "1 60- 3a", the copolymer could not have well-talanced low-temperature heat- 
sealability and toughness. In view of the tjalance of the physical properties of the copolymer, it Is desirable that Tm sat- 
isfies the following; 

Tm ^ 155 -3a. 

15 

[0137] The copolymer also satisfies tfie following formula (5-11): 

Tci0.75Tm-10 (5-11) 

20 wherein Tc (**C) and Tm ('C) each indicate the crystallization temperature and the melting point, respectively, of the 
copolymer both measured through differential scanning calorimetry 

[01 3S] If Tc is smaller than ''0.75Tm - 1 0", molding the copolymer will often end in failure. In order to prevent it from 
giving failed moldings, rt is desirable that ttie copolymer satisfies the following: 

25 Tc ^ 0.75Tm - 5. 

more preferably, 

Tc ^ 0.75Tm. 

30 

[0139] It is desirable that the 1 -butene content of the propytene-based random copolymer of the invention falls 
between 0. 1 and 30 mol%, more preferably between 0,2 and 29 mol%. even more preferably between 0.3 and 28 mot%. 
If the content is smaller than 0.1 mol%, the low-temperature heat-sealability of the copolymer could not be improved to 
a satistectory degree; but if larger tiian 30 mol%, tiie aystallinity and therefore the toughness of the cqoolymer will be 
35 low. 

[0140] It is also desirable that the isotactic fraction (P) and the intrinsic viscosity [vH of the propyl ene-based random 
copolymer of this embodiment of the invention all fall within the prefered ranges m^toned hereinabove for the first 
embodiment of the fourth aspect of the invention, for the same reasons as those for that embodim^ The detailed 
desaiption of the preferred ranges of those parameters of the copolymer is omrtted herein. 

40 [0141 ] To produce the propylene-based random copolymer of the inventbn, various types of metallocene catalysts 
can be used. Preferably used are metallocene catalysts comprising a combination of a metallocene transition metal 
compound with an organoaluminium compound or an ionizing agent (e.g., tx)ron compound), etc. The metallocene cat- 
alysts and the polymerization conditions for the copolymer may be the same as those mentioned hereinabove for the 
third aspect of the invention, and their detailed description is omitted herein. 

45 [0142] The second embodiment of the fifth aspect of the invention is a propylene-based random cqx>lym©* compo- 
sition comprising (5- A) a propylene-based random copolymer of propylene and 1 -butene, and (5-B) a substance having 
the capability of nudeation. 

[0143] The nucleating agent of the component (5-B) to be in the composition of this eni^odimerrt may be any one 
capable of readily inducing crystalline nuclei in the propylene-based polymer thereby to lower the degree of supercool- 
so ing necessary for the start of polymer crystallization, without detracting from the physical properties of the polymer, like 
that in the first embodiment of the first aspect of the invention. Its specific examples and its amount to be added to the 
polymer may be the same as those mentioned hereinabove, and their detailed description is omitted herein. 
[0144] The propylene-based random copolymer composition of this embodiment, which comprises the conponent 
(5-A) and the component (5-B). must satisfy the formula (5-1) that indicates the relationship between the melting point 
55 (Tm CO) of the composition (this is measured through differential scanning calorimetry fike in the first ent)Odiment as 
above) and the 1 -butene unit content (a (mol%)) thereof, and also the formula {4-11) that indicates the relationship 
between the aystallization tenrperature (Tc ('C)) and the melting point (Tm ("C)) of the composition both measured 
through differerrtial scanning calorimeti'y, for the same reasons as those for the first embodiment mentioned atDove. The 
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preferred ranges of those formulae may be the same as those mentioned hereinabove for the first embodiment, and 
their detailed description is not repeated herein. 

[0145] ft is desirable that the 1 -butene content, the isotactic fraction (P) and the intrinsic viscosity of the propyl- 
ene-based random copolymer composition of this embodiment all fall within the preferred ranges mentioned herein- 
5 atove for the first emtxxJiment, for the same reasons as those for the first embodiment. The detailed description of the 
preferred ranges of those parameters of the composition is omitted herein. 
[0146] "me sixth aspect of the invention Is described in detail hereinunder. 

[0147] The polymer composition of the sixth aspect of the invention Is a propylene-based polymer composition 
comprising (6-A) a propylene-based random copolymer obtained through pofymerizatlon of propylene and an a-olefin 
10 having at least 4 cartx>n atoms in the presence of a metallocene catalyst, and having a propylene-derived structural unit 
content of from 80 to 99.9 mol%, an a-olef in-derived structural unit content of from 0.1 to 20 mol%. and an intrinsic vis- 
cosity [t]] of from 0.5 to 5.0 dl/g, and (B) at least 10 ppm of a nucleating agent. 

[0148] Regarding the structural units constituting the propylene-based random copolymer of the component (6-A), 
the copolymer must have units from an a-olefin having at least 4 carbon atoms. Preferably, the copolymer has units from 
15 an a-olefin having at least 5 carbon atoms, more preferatJy those from an a-ol^ln having at least 6 carbon atoms, for 
ensuring better heat-sealabitity. Of the copolymer, the propylene-derived structural unit content falls between 80 and 
99.9 mol%. and the a-olef in-derived structural unit content falls between 0.1 and 20 mol%. Preferably, however, the a- 
olefin-derived structural unit content of the copolymer falls between 0.2 and 1 5 mol%. more preferably between 0.3 and 
10mol%. 

20 [0149] The propylene-based random copolymer of the component (6-A) has an intrinsic viscosity [nJ of from 0.5 to 
5.0 dl/g. as measured in decalin at ISS^C. If the intrinsic viscosity [rj of the copolymer oversteps the defined range, 
forming the composition into films will often end in failure. Preferably, the intrinsic viscosity [ti] of the copolymer falls 
between 1 .0 and 3.0 dl/g. 

[0150] The a-olefin having at least 4 carbon atoms for the propylene-based random copolymer of the component 
25 (6-A) includes 1 -butene, 1-pentene. 3-methyl-1 -butene. 4-melhyl-1-pentene. 1-hexene, 1-octene, 1-decene, 1- 
dodecene, 1 -tetradecene, 1-hexadecene, 1 -octadecene, 1-elcosene. etc. 

[0151] To produce the propylene-based random copolymer of the component (6-A). various types of metallocene 
catalysts can t>e used. Preferably used are metallocene catalysts comprising a combination of a metallocene transition 
metal compound with an organoaluminium compound or an ionizing agent (e.g.. boron compound), etc. The metal- 
so locene catalysts and the polymerization conditions for the copolymer may be the same as those mentioned herein- 
atjove for the third aspect of the invention, and their detailed description is omitted herein. 

[01 52] The nucleating agent of the component (B) for use herein may be any one capable of readily inducing crys- 
talline nuclei in the propylene-based polymer thereby to lower the degree of supercooling necessary for the start of pol- 
ymer crystallization, without detracting from the physical properties of the polymer, like that in the first embodiment of 
35 the first aspect of the invention. Its specific exanrples and its amount to be added to the polymer may be the same as 
those mentioned hereinabove, and their detailed description is omitted herein. 

[01 53] For the propylene-based polymer composition in which the a-olefin for the copolymer Is 1 -butene, it is desir- 
able that the tensile modulus (TM (MPa)) in the MD direction and the heat-sealing temperature (HST ("C)) of the com- 
position satisfy the following formula (6-1); 

40 

TM ^22 X HST- 1850 (6-1), 

more preferably, 

45 TM i 22 X HST - 1800, 

even more prefer^ly 

TMs22x HST- 1750. 

so 

[0154] For the composition in which the a-olefin for the copolymer has at least 5 carton atoms, H Is desirable that 
TM (MPa) and HST ("C) of the composition satisfy the following formula (6-11): 

TMi22 X HST- 1700 (6-11). 

55 

more preferably, 

TM S22x HST- 1650, 
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even more preferably, 

TM S 22 X HST - 1600. 

5 [0155] Of the propylene-based polymer composition of the invention, the boiling ether-soluble content (E {% by 
weight)) and the 1-butene content (a (mot%)) preferably satisfy the foliovwng formula (6- III): 

E£0.2xa + 1.0 (6-III), 

10 more preferably, 

E i 0.2 X a + 0.5. 

[0156] If E is larger than 0.2 x a + 1 .0. films of the composition will be sticky and their tensile modulus will be low. 
15 [0157] The propylene-based random copolymer, frie propylene-based random cc^lymer composition, and their 
films, laminates, fibers, sheets and moldings of the invention may optionally contain various additives, such as, for 
example, nucleating agents, heat st^ilizers, antioxidants, water-proofing agents, neutralizing agents, slip agents, anti- 
blocking agents, lubricants, dyes, pigments, fillers, anti-frosting agents, antistatic agents, etc. 

[01 58] The antioxidants include phosphorus-containing antioxidants and phenolic antioxidants, such as pentaeryth- 
20 rityl tetrakis[3-(3,5<li-tert-butyl-4-hydroxyphenyl)propionate] (trade name: Irganox 1010), tris{2,4-di-tert-butylphenyl) 
phosphite (trade name: Irganox 168), octadecyl 3-(3,5-5-di-tert-butyl-4-hydroxyphenyl)propionat6 (trade name: Irganox 
1076), 1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)benzen© (fade name: Irganox 1330), tris(3,5-di-tert- 
butyl-4-hydroxyt>en2yl) isocyanurate (trade name: Irganox 3114), tetrakis(2,4-di-tert-t«jtylphenyl) 4,4'-biphenylene- 
diphosphite (trade name: P-EPQ). etc. The amount of the antioxidant is preferatdy from 1 to 10000 \yprc\ of the propyl- 
25 ene-based resin or the prc^ylene-based resin composition to which it is added. 

[01 59] The neutralizing agents include metal salts of aliphatic compounds such as calcium stearate. zinc stearate. 
magnesium stearate, etc.; and hydrotaldte and its related compounds such as hydrolalcrte ha^flng a compositional for- 
mula of Mg4 5Al2(OH)i3C03 * 3.5H2O (trade name: DHT-4A). The amount of the neutralizing agent is preferably from 1 
to 10000 ppm of the propylene-based resin or the propylene-based resin composition to which it is added. 
30 [0160] The anti-blocking agents include synthetic silica products, such as Fuji Sillcla's synthetic silica (trade name: 
Saisilia), Mizusawa Chemical Industry's synthetic silica (trade name: l^izucasil), etc. The amount of the anti-blocking 
agent is preferably from 1 to 10000 ppm of the propyl ene-tased resin or the propylene-tjased resin composition to 
which it is added. 

[0161] The slip agents include fatty acid amides such as erucamide, oleamide, stearamide, behenamide. ethyl- 
35 enebisstearamide, ethylenebisoleamide, stearylercamide, oleylpalmitamide, etc. The amount of the slip agent is pref- 
erably from 1 to 10000 ppm of the propylene-based resin or tile propylene-based resin composition to which it is added. 
[0162] The propylene-based random copolymer or the propylene-based random copolymer composition of the 
invention can be formed into films through melt extrusion. 

[0163] For example, the resin, the nucleating agent and other various components that are to constitute the com- 
40 position of the invention are blended in dry. optionally along with various additives, tor example, in a Henschel mixer, a 

V tdender, a ribbon blender, a tumbler blender or tine like; then tiie resulting blend is kneaded and pelletized by the use 

of a kneading machine, for example, through a single-screw extruder, a multi-screw exti^uder, a kneader, a Banbury 

mixer or the like; and ttie resulting pellets are formed into films through melt extrusion, for example, for film casting, 

blown-film extrusion or ttie like. 
45 [01 64] As the case may be, the resin, the nucleating agent and otiier various components tiiat are to constitute the 

composition of the invention are blended in dry, optionally along with various additives, in a Henschel mixer or the like, 
. and the resulting blend is cast into films. 

[0165] To form the films, preferak)ly employed is a T-dte casting method for which is used a large-scale film-fuming 

machine. This is because ti^e method enables high-speed film formation and gives good films having high toughness. 
50 good heat-sealatulity and high transparaicy However, the invention is not limited to the method. So far as films can be 

formed through melt extrusion, herein employable is any method of injection molding, blow moWing, extrusion molding. 

but prefer^y casting or blown-film extrusion. 

[01 66] For example, in the T-die casting method .films having a thickness of from 1 0 to 500 jim are well formed even 
in a high-speed film-forming condition at a take-up speed of 50 m/mln or higher. Since tiie resin and the resin compo- 
55 sition of the invention have good properties such as those mentioned above, they are fevorable to at least one layer of 
laminate films to be formed through co-exti-usion. The films can be well sti-etched and oriented, and are favorable to 
stretched or oriented films. In addition, the Invention is favorable to f bers, sheets, moldings and even to lamination for 
non-woven fabrics. 
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[0167] The invention is described more concretely with reference to the tollowing Examples, which, however, are 
not intended to restrict the scope of the invention. 

[0168] Methods of testing and evaluating propylene-based polymers, and methods of testing and evaluating films 
are described below. 

5 

1 . Resin Characteristics: 

(1) Measurement of intrinsic viscosity [t[] : 

10 [0169] Using an automatic viscometer, Rigo's Model VMR-053, a resin sample was measured in a solvent of dec- 
alinatlSS-C. 

(2) Measurement of Mw/Mn: 

15 [0170] Jn Exanples 1 to 9 and Comparative Exarrples 1 to 6, Mw/Mn was determined by the use of the apparatus 
mentioned below arnJ under the condition also mentioned below. 

Apparatus No. 1 for GPC: 

20 Column; Showa Denko's Shodex UT806L. 

IR detector: for liquid chromatography. 

Flow cell for IR detection: KBr cell (optical guide length: 1 mm). 

Condition No. 1 for measurement: 

25 

Solvent: o-dichlorot>enzene. 
Temperature: 135°C. 
Flow rate: 1.0 ml/min. 
Sample concentration: 2 mg/mi. 
30 Sample amourrt: 200 nl. 

IR absorption wavelength: 3.42 jim. 

[01 71 ] In Examples 26 to 29 and Comparative Examples 20 to 1 9, Mw/Mn was determined by the use of the appa- 
ratus mentioned below and under the condition also mentioned below. 

35 

Apparatus for GPC: 

Column: TOSO eMHHR-H(S)HT 

Detector: Rl detector for liquid chromatography, WATERS 150C. 

40 

Condition for measurement: 

Solvent: 1,2,4-trichloroben2ene. 
Temperature: 145*'C. 
45 Flow rate: 1 .0 ml/min. 

Sannple concentration: 2.2 mg/ml. 
Sample amount: 160 ^l. 
Calibration curve: Universal Calibration. 
Program for analysis: HT-GPC (Ver. 1 .0). 

so 

(3) Measurement of melting point (Tm) and crystallization temperature (Tc): 

[0172] A differential scanning catorimeter (Parkin Elmer's DSC-7) was used. 10 mg of a sairple was first melted in 
a nitrogen atmosphere at 230'C for 3 minutes, and then cooled to CC at a cooling rate of 10°C/min. In the exothermic 
55 cun^e indicating the crystallization profile of the sannple. thus obtained, the tenrperature for the peak top of the highest 
peak was read. This is the crystallization temperature of the sample. Next, the cooled sarrple was kept at 0°C for 3 min- 
utes, and then again heated at a heating rate of 10*C/min. In the endothemnic curve indicating the melting profile of the 
sample, thus obtained, the temperature for the peak top of the highest peak was read. This is the melting point of the 
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sample. 

(4) Isotactic pentad fraction; 

5 [0173] The isotactic pentad fraction (mmmm fraction) indicates the prt^rtion (mol%) of five propylene structural 
units having a meso structure (mmmm structure with all five methyl groups therein being aligned in the same direction) 
in a propylene-based polymer, and this Is determined on the basis of the assignment of the peaks ajpearing in the ^^C- 
NMR spectrum of the polymer, as proposed by Cheng, H. N. and Ewen. J. A., in Maaomol. Chem.. 190, 1350 (1989). 
To detennine this, the following apparatus was used urKJer the condition mentioned below. 

10 

Apparatus: JEOL's NMR apparatus of JNM-EX400 Model. 
Sannple concentration: 220 mg/3 ml NMR solvent. 
NMR solvent: 1 ,2,4-trichlorobenzene/heavy benzene (90/10 vol.%). 
Temperature: ISCC. 
IS Pulse width; 45'. 

Pulse pitch: 10 sec. 
Number of cycles: 4000. 

(5) Measuranent of boiling diethyl ether-soluble content (E): 

20 

[0174] 3 g of pellets of a sample of propylene-based random copolymers and others to be measured (the pellets 
were ground Into grains capable of passing through a 1 mm^ mesh) were put into a cylindrical paper filter. 160 ml of an 
extraction solvent, diethyl ether was put into a flat bottom flask. These were set in a Soxhiet extractor, and the sample 
was extracted at a frequency of ref luxing of once/5 minutes or so. The resulting diethyl ether extract was recovered witti 
25 an evaporator, and then dried in a vacuum drier until it came to have a constant weight. From the weight of the thus- 
dried extract, the boiling diethyl ether-solut^e content of the sample was detained. 

(6) Peak temperature for essential elation (Tp). half-value width (Th) for peaktenrperature for esserrtial elation, amount 
of elation at 0**C (WO), and amount of elution (WP) within tenperature range between (Tp - 5)°C and (Tp + 5)*C. in tem- 

30 perature-programmed fractionation chromatography (TREF): 

[0175] These were obtained from the elation pattern In temperature-programmed fractionation chromatography 
(TREF) of each sample. The apparatus, the operation method and the condition for measurement are mentioned below. 

35 Tp; This is the top temperature for the essential elation peak in the elation pattern curve. 

WO: This is the weight fraction (%) of the conponent having been elated but not adsorbed by the filler at the column 
temperature of 0'*C, based on the total weight of the sample. 

Wp: TNs is the weight fraction (%) of the component having been elated within a tenperature range between (Tp 
- 5)'C and (Tp + 5)'C. based on the total weight of the sanple. 
40 W(Tp + 10): This is the weight fraction {%) of the component having been elated within a temperature range of (Tp 
+ 10)'C or higher, based on the total weight of the sample. 

(6-1) Operation method: 

45 [0176] A sample solution was introduced into the TREF column controlled at 135'C, then gradually cooled therein 
to 0*C at a cooling rate of 5'C/hr, whereby the sample was adsorbed by the filler. Next, the column was heated up to 
135'*C at a heating rate of 40°C/hr, and the elution patten curve of the sample was obtained. 

(6-2) Apparatus: 

50 

[0177] 

TREF column: from GL Science. 

Silica gel column (4.6 (> x 150 mm) flow cell: from GL Science (optical guide lengtii 1 mm. with KBr cell). 
55 Feed pump: Senshu Science's punp. SSC-3100. 
Valve oven: GL science's oven. Model 554. 
TREF ovei: from GL scieice. 

Two-line temperature conb-oller: Rigaku Kogyo's tenperature controller, REX-CIOO. 



21 



3DOCID: <EP 100ei49A1J_> 



EP 1006 149 A1 



Detector: Foxtxjro's IR detector for liquid chromatography, MIRAN 1 A CVF. 
10-way valve: Balco's electromotive valve. 
Loop: Balco's 500 \i\ loop. 

5 (6-3) Corwdition for measurement: 

[0178] 

Solvent: oKilchlorobenzene. 
10 Sample concentration: 7.5 g/liter. 

Sample amount: 500 nl. 

Punnp flow rate: 2.0 ml/min. 

Wavelength for detection: 3.41 ^irn. 

Column filler: Chromosorb P (30 to 60 mesh). 
15 Column temperature distrilxJtion: within ± 0.2°C. 

(7) Comonomer unit content (a (mol%)) and stereospecif icity index (P (nfK>l%)) of copolymer: 

[0179] Using a JEOL*s NMR apparatus, JNM-EX400 Model, each sample was subjected to "'^C-NMR spectrometry 
20 under the condition mentioned below. From the spectral pattern obtained, the content of each comonomer unit in the 
sanrple was determined according to the methods mentioned below. 

Sample concentration: 220 mg/3 ml NMR solvent. 
NMR solvent: 1,2,4-trichlorobenzene/ben2Gne-d6 (90/10 vol.%). 
25 Temperature: ISO^C. 
Pulse width: 49°. 
Pulse pitch: 4 sec. 
Number of cycles: 4000. 

30 [0180] The ^^C-NMR data were analyzed acconiing to the reports by Kazuo Soga, Takeshi Shiono and Walter 
Kaminsky in Macronnol. Chem.. Rapid Commun.. 8. 305 (1987), and by Alfonso Grassi, Adolfo Zambelli, Luigi Resconi, 
Enrico Albizzati and Romano Mazzocchi in Macromdecules, 21, 617 (1988), etc. 

(7-1) Ethyiene unit: 

35 

[0181] The chemical shift for each spectral signal appe^ing in ^^C-NMR patterns of propylene-ethylene random 
copolymers, and its assignment are given in Table 1. 

[0182] The ethylene unit content (a (mol%)) of a copolymer sample was obtained according to the following for- 
mula, based on the data of the ^^C-NMR spectral pattern of the sample. 

40 

a = E/Sx 100 

wherein S and E are as follows: 

45 8=1 gp|c + I ppE + I EEE "•" ' ppp ' PEE ' PEP 

E = 1 EEE + 2/3(1 PEE + ' EPe) + ""^C PPE + ' PEp)' 

and the factors for S and E are as follows: 

so 

Iepe = '(12) 
I PPE = K15) + 1(11) + (t(14) - 1(11));2 + 1(10) 
55 Ieee = l(18)/2+ l(17)/4 

I = 1(19) + (1(6) + l(7))/2 + 1(3) + 1(13) + 1(11) + (1(14) - 1(1 1))/2 
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I PEE =1(20) 

I = (1(8) + 1(9) - 2 X l(11))/4 + 1(21). 

5 [0183] The isotactic triad fraction of the PPP chains, indicating the stereospedf ictty index (P (mol%)) of the cqpol- 
ymer, was (Stained according to the following formula: 

P = Im/I X 100 

10 wherein Im and I are as follows: 

Im 1(22) 

I = 1(22) + 1(23) + 1(24) . {(1(8) + l(9))/2 + 1(10) + 3/2 x 1(11) + 1(12) + 1(13) + 1(15)}. 

15 

[0184] In these, (1). (2) ... each indicate the spectral signal appearing in the ^^C-NMR patterns of propylene-ethyl- 
ene random copolymers. 1(1), 1(2) . . . each indicate the signal intensity. 

(7-2) 1-Butene unit; 

20 

[0185] The chemical shift for each spectral signal appearing in ""^C-NMR patterns of propylene-1 -butene random 
copolymers, and its assignment are given in Table 2. 

[0186] The 1 -butene unit content (a (mol%)) of a copolymer sample was obtained according to the following for- 
mula, based on ttie data of the main chain methylene cartx)n in the ^^C-NMR spectral pattern of the sanple. 

25 

1 -Butene content = [(l< 2 );2 + l<4>)x 100l/(l< 1 >-^ ]<2) + l(3> -i-l(4) +2x l<9}). 

[0187] In this, the signal intensity for (9> (signal intensity for the PEP chain Sop carbon) was used in substitution 
for the signal intensity for the PPP chain Sap cartwn. 
30 [0188] The stereospecif icity index (P (mol%)) of the copolymer was obtained according to the following formula: 

P*^[l(12) X 100]/{in2)+l(13)+l<14)). 

[0189] In these, ( 1 ) , {2 > ... each indicate the spectral signal appearing in the ""^C-NMR patterns of propylene-1 - 
35 butene random cqDOlymers. K 1 ) . I<2 > . . . each indicate the signal intensity. 

(7-3) 1-Octene unit: 

[0190] The chemical shift for each spectral signal appearing in ''^C-NMR patterns of propylene-1 -octene random 
40 copolymers, and its assignment are given in Tatrfe 3. 

[0191] The 1 -octene unit content (a (mol%)) of a copolymer sample was obtained according to the following for- 
mula, trased on the data of the main chain methylene cartron in the ^^C-NMR spectral pattern of the sample. 

1-Octene content = [(1 (2>/2 l<4>) x 100]/(l< 1 >+ 1(2 >+ 1(3)+ K4)+2 x K11 >). 

45 

[0192] In this, the signal intensity for the PRP chain Sap cartxin was used in substitution for the signal intensity for 
the PPP chain Sap cartxin. This is because the signal for the EPP chain Sop cartxjn overlapped with that for the PPP 
chain Tap cartwn and the two were difficult to separate from each other. 

[0193] The stereospecif icity index (P (mol%)) of the copolymer was obtained according to the following formula: 

so 

P = [l(16>x 100J/(I(16)-^I(17)+I(18}). 

[0194] In these, < 1 > , (2 ) ... each indicate the spectral signal appearing in the ^^C-NWIR patterns of propylene-1 - 
octene random copolymers. I tl ) , I ( 2 > ... each indicate the signal intensity. 

55 

(7-4) 1-Dodecene unit: 

[0195] The chemical shift for each spectral signal appearing in ^^C-NMR patterns of propylene-1 -dodecene ran- 
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dom copolymers, and its assignment are given in Table 4. 

[0196] The 1 -dodecene unit content (a (mot%)) of a copolymer sample was obtained according to the following for- 
mula, based on the data of the main chain methylene carbon in the ^^C-NMR spectral pattern of the sample. 

1-Dodecene content = [{l<2>/2+ K 4)) x 100]/(in >+ !{2>+3 x l<3>+ l<4)). 

[0197] In this, the signal intensity for the PPP chain Saa carton was used in substitution for the signal intensity for 
the PPP chain Sop carbon and for the signal intensity for the PPP chain Sap cartx)n. This is because the signal for the 
PPP chain Sap caitton overlapped with that for the PPP chain Tap carbon while the signal for the PPP chain Sap car- 
bon overlapped with the signal for the side chain methylene carbon of the 1 -dodecene unit, and they were difficult to 
separate from each other. 

[0198] The stereospecificity index (P(mol%)) of the copolymer was obtained according to the following formula: 

P = [K5)x 1001/{I<6)+ 1(7)+ K8)). 

[0199] In these, (1), iZ) ... each Indicate the spectral agnal appearing in the ^^C-NMR patterns of propylene-1- 
dodecene random copolymers. |{ 1 ) , K2 ) ... each indicate the signal intensity. 

(7-5) 1 -Decene unit: 

[0200] The 1 -decene unit content (mol%) and the stereospecificity index (P (nnol%)) of each copolymer sample 
were obtained in the same manner as in (7-4), except that the data given in TatHe 5 (this shows the spectra! signal pro- 
file of propylene-1 -decene random copolymers obtained tiirough ^^C-NMR) were used in place of the data in Table 4. 
[0201] In this, the signal for the PPP chain Sop cartwn overlapped with that ft>r the PPP chain Tap carton while the 
signal for the PPP chain Sap carton overlapped with the signal for the side chain methylene carbon of ttie 1 -decene 
unit, and they were difficult to separate from each other. Therefore, the signal intensity for the PPP chain Saa carbon 
was used in substitution for the signal intensity for these two. 



Table 1 



Assignment in NMR Spectrum of Ethylene/Propylene Copolymer 





No. 


Chemical Shift 


Assignment 


No. 


Chemical Shift 


Assignment 




1 


45.1-47.3 


PPP Saa 


14 


31.4 


EPP Tpy 


35 


2 


42.3 


PPP Saa 


15 


31.0 


PPE Tp6 




3 


38.6 


PPP Tay 


16 


30.7 


PPP Sop 




4 


38.0 


Say 


17 


30.5 


PEEE Sy6 


40 


5 


37.5 


Sa6 


18 


30.0 


EEES56 




6 


36.0 


PPP Sop 


19 


29.0 


PPP Tpp 




7 


36.0 


PPP Top 


20 


27.3 


PEE SP6 




8 


34.9 


EPP. PEP Sop 


21 


24.6 


PEP Sap 


45 


9 


34.6 


EPP, PEP Sop 


22 


21.3-22.7 


Ppp 




10 


34.1 


EPPTyy 


23 


20.6-21.3 


Ppp 




11 


33.7 


EEPP Ty6 


24 


19.8-20.6 


ppp 


50 


12 


33.3 


EPET56 


25 


17.6 


Pop 




13 


31.6 


PPPTpy 


26 


17.2 


Pay 



Note: £ indicates an ethylene unit: P indicates a propylene unit; the underlined part indicates 
a reversed unit. The chemical shift is in terms of PPM. 
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Assignment in NMR Spectrum of 1-Butene/Propylene 



Copolymer 


No. 


Chemical Shift 


Assignment 


1 


45.7-47.4 


PPSaa 


2 


43.0-44.9 


PB Saa 


3 


42.3 


PPP Saa 


4 


40.3 


BB Saa 


5 


38.6 


PPP Tay 


6 


36.0 


PPP Sap and PPP Tap 


7 


35.5 


B unit Tpp 


8 


31.6 


PPP Tpy 


9 


30.6 


PPP Sop 


10 


28.6-29.8 


P unit Tpp 


11 


27.8-28.4 


B unit Tpp 


12 


21.2-22.7 


8 unit side chain methylene carlDon 


13 


20.6-21.2 


Ppp PPP[mm). PPB(mm), BPB(mm). PPB(rr), BPB(rr) 


14 


19.8-20.6 


Ppp PPP(rr) 


15 


17.6 


Pop 


16 


17.2 


Pay 


17 


11.1 


B unit side chain methyl cartx>n 


Note: B indicates 1-butene unit; P indicates a fxop/lene unit; the underlined part indicates a 


reversed unit. The cliemicai shift is in terms of PPM. 



Tables 



Assignment in NMR Spectrum of 1-Octene/Propylene Copolymer 


No. 


Chemical Shift 


Assignment 


1 


46.0-47.6 


PPSaa 


2 


43.8-44.4 


PO Saa 


3 


42.3 


PPP Saa 


4 


41.5 


OOSaa 


5 


38.6 


PEP TaT 


6 


36.2 


Ce 


7 


36.0 


PPP Sop and PPP Tap 


8 


34.0 


O unit Tpp 


9 


32.2 


C3 


10 


31.6 


PPPTpy 


11 


30.6 


PEP Sap 


12 


30.2 


C4 
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Table 3 (continued) 





Assignment in NMR Spectrum of 1 -Octene/Propylene Copolymer 




No. 


Chemical Shift 


Assignment 


5 


13 


28.2-29.8 


P unit Tpp 




14 


27.1 


Cs 




15 


22.9 




10 


16 


21.2-22.7 


Ppp 




17 


20.6-21.2 


m 




18 


19.8-20.6 


m 




19 


17.6 


Pap 


15 


20 


17.2 


Pay 




21 


14.1 




20 


Note: P indicates a prc^ylene unit; 0 indicates a 1 -octene unit; 
tfie underlined part indicates a reversed unit. The chemical shift is 
in terms of PPM. 



[02021 The PPP chain (2-1 insertion in the propylene unit) is refenred to as one example, and the relationship 
between the ""^C-NMR spectral pattern and each carbon atom is shown in the following drawing. In this, the numerals 
25 each indicate the cartx>n atom that corresponds to the number of the spectrum given in T^e 3. 0 indicates the methyl 
group. 

(drawing, page 48) 



P unit 



Punit 



Puntt 



[02031 in Table 3, C2 to C© each indicate the following methylene carbon In the side chain of the 1 -octene unit, 
(drawing page 49) 



Table 4 



Assignment in NMR Spectrum of 1 -Dodecene/Propylene Copolymer 


No. 


Chemical Shift 


Assignment 


No. 


Chemical Shift 


Assignment 


1 


46.0-47.6 


PP Sota 


5 


21.1-22.7 


m 


2 


43.8-44.4 


PDSoa 


6 


20.6-21.2 


m 


3 


42.3 


PPP Soot 


7 


19.8-20.6 




4 


41.5 


DD Saa 








Note: P indicates a propylene unit; D indicates a 1 -dodecene unit; the underlined part indi- 
cates a reversed unit. The chemical shift is in terms of PPM. 
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Tables 



Assignment in NMR Spectrum of 1-Decene/Propylene Copolymer 


No. 


Chemical Shift 


Assignment 


No. 


Chemical Shift 


Assignment 


1 


46.0-47.6 


PP Soa 


5 


21.1-22.7 


Ppp 


2 


43.8-44.4 


PD Saa 


6 


20.6-21.2 




3 


42.3 


PPP Saa 


7 


19.8-20.6 


Ppp 


4 


41.5 


DD Saa 








Note: P indicates a propylene unit; D indicates a 1-decene unit; the underlined part indi- 


cates a reversed unit. The chemical shift is in terms of PPM. 





75 

2. Rim Formation: 

[0204] Using a Tsukada Juk' Seisakusho's 20 mm<t> T-die casting machine, each sample of propylene-based resins 
20 and others was formed into films having a thickness of 25 ^im or 30 ^m. under the condition mentioned below. To finish 
the films, an air knife was used, and the air gap was 5.5 cm. 

[Rim Casting Condition] 

25 10205] 

Resin temperature at T-die outlet 

Chill roll temperature: 
30 Take-up speed: 
Chill roll: 

3. Film Characteristics: 

55 [0206] The films formed according to the method mentioned alxwe were aged at 40''C for 24 hours, and then con- 
ditioned at a temperature of 23 ± 2"C at a humidity of 50 ± 10 % for at least 16 hours. The characteristics of the thus- 
corditioned films were measured at the same temperature and the same humidity 

(1) Measurement of tensile modulus (TM): 

40 

[0207] Each film was subjected to a tensile test according to J IS K-7127 under the condition mentioned below, and 
its tensile modulus was measured. 

Cross head speed: 500 mm/min. 
45 Load ceil: 10 kg. 

Direction: Machine direction (MD) 

(2) Rim impact (Fi): 

50 [0208] The film impact indicates the film strength at fracture by shock. This was measured with a Toyo Seiki's film 
impact tester, for which was used a one-inch impact head. 

(3) Measurement of heat-sealing tertperature (HST): 

55 [0209] The heat-sealing temperature (HST) of filnfis was measured according to J IS Z-1 707. Precisely, films were 
heat-sealed at varying temperatures under the condition mentioned below, then left at room temperature for one full 
day, and subjected to a 90-degree peel test at a peel rate of 200 mnVmin to measure the peel strength of the films. The 
data were plotted to give a heat temperature-peel strength curve, from which the temperature at which the peel strength 



19rC for 25 )im films. 

192''C for 30 \im films. 

SO'C. 

6.0 m/min. 

with mirror surface. 



27 

3DOCID; <EP 1006149A1_t_> 



EP 1006 149 A1 



was 300 g/1 5 mm was derived. This is the heat-sealing temperature of the sample tested. The temperature of the heat 
seal bar used in the test was calibrated with a surface thermometer. 

Sealing time: 1 sec. 
5 Sealed area: 15 mm x 1 0 mm. 
Sealing pressure: 2.0 kg/cm^. 
Sealing temperature: varied to some poirtts. The heat- 
sealing temperature was determined through interpolation. 

10 (4) Evaluation of anti-blocking properties: 

[021 01 Rectangular films (30 cm x 1 0 cm) were fixed to a tool having a blocking test area of 1 0 cm x 10 cm, and 
airtight! y acQiered to each other under the conditions mentioned below. Then, these were pe^ed to measure the peel 
strength, which irxiicates the anti-blocking properties of the sample tested. 

15 

CorKlition 1 for adhesion: 

Temperature: 60°C. 
Time: 3 hours. 
20 Load: 36 g/cm^. 

Area: 10 cmx 10 cm. 

Condition 2 for adhesion: 

25 Tenperature: SO'C. 

Time: 1 week. 
Load: 15g/cm^. 
Area: 10 cmx 10 cm. 

30 [021 1 ] The condition for the peel test was as follows: 

Test speed (peel rate): 20 mm/min. 
Load cell: 2 kg 

35 (5) Evaluation of slip characteristics: 

[0212] A slat covered with a film to be tested was put on a glass plate also covered with a film of the same type. In 
that condition, the glass plate was inclined, and the angle, 6, at which the slat on the glass plate began to slip was meas- 
ured. The value of tan e indicates the slip characteristics of the sanple. A Toyo Seiki Seisakusho's friction angle meter 
40 was used in the test under the condition mentioned below. 

Interface for measurement: metal roll sur^ce/meta) roll surfece. 
Inclination rate: 2.7 degrees/sec. 
Weight of slat: 1 kg. 
45 Cross section area of slat: 65 cm?. 
Pressure to interface: 1 5 g/cm^. 

(6) Measurement of transparency (in terms of haze): 

50 [0213] JISK7105 was referred to. 

[0214] The following Examples 1 to 9 and Comparative Examples 1 to 6 relate to the first aspect of the invention. 

[Example 1] 

55 (1 ) Propylene polymerization: 

[021 5] 4 liters of toluene, 8 mmols of triisobutylaluminium, and 20 ^mols of dimethylanilinium tetrakispentaf luorc^h- 
enyl borate were put into a 10-iiter stainless autoclave, and heated at 40*0, to which was added 10 mmols of hydrogen. 
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Propylene was introduced into the autocrave until the total pressure in the autoclave reached 7.0 kg/cm^G. In that con- 
dition, 5 jimols of (1 ,2'-ethylene)(2,r-ethylene)-bs(indenyf)hafnium dichloride was added to this, and the monomer was 
polymerized. During the process, prc^ylene was fed into the system via a pressure controller so that the pressure in the 
autoclave could t>e kept constant. After 2 hours, the contents were taken out and dried under reduced pressure to 
5 cA)tain 820 g of a propylene polymer. The propylene polymer had an isotactic pentad fraction (mmmm fraction) of 88 
moi%, [71] of 1 .5 dl/g. and Mw/Mn of 1 .9. 

(2) Blending and kneading: 

10 [021 6] To the propylene polymer prepared in the above, added were 750 ppm of Irganox 1010 (from Ciba Specialty 
Chemicals), 750 ppm of Irganox 168 (from Ciba Specialty Chemicals) t)oth serving as an antioxidant, 500 ppm of potas- 
sium stearate serving as a neutralizing agent, 100 ppm of dimethylbenzylidene-soibitol (Shin-Nippon Rika's Gelol MD) 
serving as a nucleating agent, 1000 ppm of erucamide serving as a slip agent, and 1800 ppm of a sitica corrpound 
serving as an anti-blocking agent. The resulting mixture was kneaded in melt in a single-screw extruder (Tsukada Juki 

15 Seisakusho's TLC35-20 Model), artd pelletized therethrough. 

[Example 2J 

[021 7] The same process as in Exanrple 1 was repeated, except that tie amount of the nucleating agent, Shin-Nip- 
20 pon Rika's Gelol MD was changed to 500 ppm. 

[Comparative Example 1] 

[0218] The same process as in Example 1 was repeated, except that the nucleating agent was not added. 

25 

[Comparative Example 2] 

[0219] The same process as in Exannple 1 was repeated. In this, however, a propylene polymer pH'ep^ed in the 
presence of a non-meta!locene catalyst (klemitsu Petrochemical's IDEMITSU PP F704NP) was used, and the nucleat- 
30 ing agent was not added. The resin pellets produced were formed into films, and the films were evaluated. The propyl- 
ene polymer used herein had an isotactic pentad fraction (mmmm fraction) of 90 rr»oI%, [n] of 1.7 dl/g, and Mw/Mn of 
4.2. 

[Conrparative Example 3] 

35 

[0220] JhB same process as in Exannple 1 was repeated. In tinis, however, a propylene polymer prepared in the 
presence of a non-metal locene catalyst (Idemitsu Petrochemical's IDEMITSU PP F704NP) was used, and 500 ppm of 
the nucleating agent, Geld MD (from Shin-Ni|:pon Rika) was added. The resin pellets produced were formed into films, 
and the films were evaluated. The propylene polymer used herein had an isotactic pentad fraction (mmmm fraction) of 
40 90 mol%. [n] of 1 .7 dl/g, arxJ Mw/Mn of 4.2. 

[0221] With the nucleating agent added thereto, the propylene polymer prepared in the presence of a non-metal- 
locene catalyst had an elevated heat-sealing temperature. 

[Examine 3] ^ 

45 

(1) Propylene polymerization; 

[0222] 4 liters of toluene, 8 mmols of triisotxitylaluminium, and 20 ^mols of dimethylanilinium tetrakispentaf luoroph- 
enyl borate were put into a 10-liter stainless autoclave, and heated at 50°C, into which was introduced a mixed gas of 

50 ethylene/jDropylene (having a composition ratio, ethylene/propylene of 2/100) until the total pressure in the autoclave, 
reached 7.0 kg/cm^. In that condition. 5 ^imols of (1,2'-ethylene)(2,1'-ethylene)-bis(indeny I) hafnium dichloride was 
added to this, and the monomers were polymerized. During the process, propylene was fed into the system via a pres- 
sure confroller so that the pressure in tiie autoclave could be k^t constant. After 2 hours, the contents were taken out 
and dried under reduced pressure to obtain 700 g of a propylene pdymer. The propylene polymer had an ethylene con- 

55 tent of 1 .8 % by weight, [n] of 1 .8 dl/g, and Mw/Mn of 2.2. 
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(2) Blending and kneading: 

[0223] To the propylene polymer prepared in the above, added were 750 ppm of Irganox 101 0 (from Ciba Specialty 
Chemicals), 750 ppm of Irganox 168 (from Ciba Specialty Cfiemicais) tx)th serving as an antioxidant, 500 ppm of potas- 
5 slum stearate serving as a neutralizing agent, 500 ppm of Gelol MD (from Shin-Nippon Rika) serving as a nucleating 
agent, 500 ppm of erucamide serving as a slip agent, and 2300 ppm of a silica compound serving as an anti-blocking 
agent. The resulting mixture was kneaded in melt in a single-screw extruder (Tsukada Juki Seisakusho's TLC35-20 
Model), and pelletized therethrough. 

10 [Example 4] 

[0224] A propylene-based polymer composition was produced in the same manner as in Example 3, except ttiat the 
composition ratio of the mixed gas, etfiytene/lpropylene was changed to 1/100. The polymer had an ethylene content of 
0.48 % by weight, [ii] of 1 .9 dl/g, and Mw/Mn of 2.1 . 

15 

[Exarrple 5] 

[0225] A propylene-based polymer composition was produced in the same manner as in Example 3. except that the 
composition ratio of the mixed gas, ethylene/jpH-opylene was changed to 3/100. The polymer had an ethylene content of 
20 2.5 % by weight, [n] of 1 .6 dl/g. and Mw/Mn of 2.2. 

[Example 6] 

[0226] The same process as in Example 3 was repeated, except that 2000 ppm of Talc MMR (from Asada Milling) 
25 was used as the nucleating agent. The polymer was blended and kneaded with other conponents. and formed into 
films, and the films were evaluated. 

[Example 7] 

30 [0227] The same process as In Example 3 was repeated, except that 250 ppm of a sodium salt of an organic phos- 
phoric acid, NA-1 1 (from Asahi Denka) was used as the nucleating agent. The polymer was blended and kneaded with 
other components, and formed into films, and the films were evaluated, 

[Example 8} 

35 

[0228] The same process as in Example 3 was repeated, except that 1500 ppm of an aluminium salt of an organic 
phosphoric acid, NA-21 (from Asahi Denka) was used as the nucleating agent. The polymer was blended and kneaded 
with other components, and formed into films, and the films were evaluated. 

40 [Example 9] 

[0229] The same process as in Example 3 was repeated, except that 1 500 ppm of an amide compound. N Jester 
NU-100 (from Shin-Nippon Rika) was used as the nucleating agent. The polymer was blended and kneaded with other 
components, and formed into films, and the films were evaluated. 

45 

[Comparative Example 4] 

[0230] The same process as in Exannple 3 was repeated, except that the nucleating agent was not added. 
so [Conparative Example 5] 

[0231] The same process as in Example 3 was repeated. In this, however, a propylene polymer prepared in the 
manner mentioned below in the presence of a non-melallocene catalyst was used, and the amount of the nucleating 
agent was changed to 1 000 ppm. 
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(Propylene Polymerization) 

(1) Preparation of solid catalyst component: 

5 [0232] A reactor (capacity: 500 liters) equipped with a stirrer was fully purged with nitrogen gas, and 97.7 kg of eth- 
anol, 640 g of iodine and 6.4 kg of metal magnesium were put into it. With stirring, these were reacted under reflux until 
no hydrogen gas was given by the system. Thus was formed a solid reaction product. The reaction mixture containing 
the soltd reaction product was dried under reduced pressure, and the intended magnesium compound (solid product) 
was obtained. 

10 [0233] A reactor (capacity: 500 liters) equipped with a stirrer was fully purged with nitrogen gas, and 30 kg of the 
magnesium corrpourxl (not ground), 150 liters of pure heptane. 4.5 liters of silicon tetrachloride, and 5.4 liters of di-n- 
butyl phthalate were put into it. These were kept at 90°C. With stirring, 144 liters of titanium tetrachloride was added 
thereto, and reacted at 1 10°C for 2 hours. TTie resulting solid component was separated, and washed with pure heptane 
at 80°C. Then, 228 liters of titanium tetrachloride was added thereto, and further reacted at 11 0'C tor 2 hours. This was 

15 fully washed with pure heptane to obtain a solid catalyst component, 

(2) Polymerization: 

[0234] Prior to being used for polymerization, the solid catalyst conponent was pretreated in ttie manner men- 
20 tioned below. 

[0235] 230 liters of pure heptane was put into a 500-liter reactor equipped with a stiirer, and 25 kg of the solid cat- 
alyst component was added thereto along with triethylaluminium in a ratio of 1 .0 rml/nrK)! of Ti of the solid catalyst com- 
ponent and with dicyclopentylmethyldimethoxysilane in a ratio of 1 .8 mols/mol of the same. Next, propylene was 
introduced into the reactor to have a propylene partial pressure of 0.3 kg/cm^G, and reacted at 25°C for 4 hours. After 
25 having been thus processed, the solid catalyst component was washed a few times with pure heptane, and carbon diox- 
ide was applied thereto and stirred for 24 hours. 

[0236] Wrth ttie thus-pretreated solid catalyst <»mponent. propylene was polymerized in the manner mentioned 
below. 

[0237] 3 mmols/hr, in terms of Ti, of the pretreated solid catalyst component was fed into a polymerization reactor 
30 (capacity: 200 liters) equipped with a stin-er. with 4 mmols/kg-PP of triethylamine and 1 mmol/kg-PP of cyclohexylmeth- 
yldimethoxysilane being fed thereinto, and propylene was polymerized in the reactor at a tennperature of SO^C. The total 
pressure in the reactor was 28 kg/cm^G. In this process, ethylene and hydrogen were fed into the reactor. The amount 
of ethylene was so controlled that the propylene polymer produced could have a predetermined ethylene content; and 
that of hydrogen was so controlled that the polymer could have a predetermined molecular weight. The propylene pol- 
35 ymer thus produced had an ethylene structural unit conterrt of 5.9 mol%, a molecular weight distribution (Mw/Mn) of 4.0, 
and [n] of 1.7 dl/g. 

{Comparative Example 6] 

40 [0238] The same process as in Example 3 was repeated. In this, however, the propylene polymer prepared in the 
presence of the non-metallocene catalyst in Conrparative Example 5 was used, and the nucleating agent was not 
added. 



Tables 





Amount at Nucleating 
Agent Added ppm 


Tensile Modulus MPa 


Film Impact Strength (1 
inch) J/m 


Heat-Sealing Tempera- 
ture "C 


Exanple 1 


100 


1.1 X 10^ 


3.2 X lO'^ 


131 


Exanfple 2 


500 


1.1 xlO^ 


3.2x10'^ 


131 


Example 3 


500 


0.9x10^ 


2.8 X lO'^ 


121 


Example 4 


500 


1.2 xlO^ 


2.8 X 10^ 


127 


Exanple 5 


500 


0.8 xlO^ 


3.2 X ID'* 


111 


Example 6 


2000 


1.1 X 10^ 


2.8x10'* 


124 


Example 7 


250 


1.0 X 10^ 


2,8x10'* 


124 
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Table 6 (continued) 





Amount at Nucleating 
Agent Added ppm 


Tensile Modulus MPa 


Film Impact Strength (1 
inch) J/m 


Heat-Sealing Tempera- 
ture 


Example 8 


1500 


1.1 X 10^ 


2.6 X lO'^ 


123 


Example 9 


1500 


1.1 X 10^ 


2.7x10^ 


124 


Comp. Ex. 1 


0 


1-1 X 10^ 


2.9 X lO'^ 


135 


Comp. Ex. 2 


0 


1.2 X 10^ 


2.9 X 10" 


146 


Comp. Ex. 3 


500 


1.2 X 10^ 


3.0 X 10* 


148 


Comp. Ex. 4 


0 


0.8 X 10^ 


2.9 X 10"* 


131 


Comp. Ex. 5 


1000 


0.9 X 10^ 


2.8 X 10"* 


130 


Comp. Ex. 6 


0 


0.9 X 10^ 


2.8 X lO'* 


126 



[0239] The following Example 10 and Comparative Example 7 relate to the second aspect of the invention. 
20 [Example 10] 

(1) Production of Conponent A: 

[0240] 4.0 liters of toluene, 8 mmols of trilsobutylaluminium. and 20 pmois of dimethylanilinium tetrakispentaffuor- 
25 ophenyl borate were put into a 10-liter stainless autoclave. arxJ heated at 40°C. to which was added 1 0 mmols of hydro- 
gen. Propylene was introduced into the autoclave until the total pressure in the autoclave reached 7.0 kg/cm^G. In that 
condition, 5 Hnwls of (1 ,2'-ethylene)(2.r-ethylene)-bis(indenyl)hafniumdlchloride was added to this, and the monomer 
was polymwized. During the process, propylene was fed into the system via a ixessure controller so that the pressure 
in the autoclave could be kept constant. After 2 hours, the contents were taken out and dried under reduced pressure 
30 to obtain 820 g of polypropylene. 

[0241] The polypropylene obtained herein had a mesopentad fraction (mmmm) of 91 mol%, an intrinsic viscosity 
[TiJ of 1 .5 dl/g, and a molecular weight distribution (Mw/Mn) of 1 .9. 

(2) Production of Component B: 

35 

[0242] 400 ml of toluene, 1 mmd of trilsobutylaluminium, and 4 ^mols of dimethylanilinium tetrakispentafluorophe- 
nyl borate were put into a 1 -liter stainless autoclave, and heated at SS^C, to which was added 4 mmols of hydrogen. 
Prc^lene was introduced into the autoclave until the total pressure in the autoclave reached 7.0 kg/cm^G. In that con- 
dition. 1 timol of (1 .2'-e<hyl^e)(2.1 '-ethylene)-bis(indenyl)hafnium dichloride was added to tfiis, and tiie monomer was 
40 polymerized. During the process, propylene was fed into the system via a pressure controller so that the pressure in the 
autoclave could be kept constant. After 1 hour, the contents were taken out, put into a large amount of methanol, fil- 
tered, and dried to obtain 75 g of polypropylene. 

[0243] The polypropylene obtained herein had a mesopentad fraction (mmmm) of 90 mol%. an intrinsic viscosity 
[ri] of 0.5 dl/g, and a molecular weight distribution (Mw/r»/ln) of 2.0. 

45 

(3) Blending and kneading: 

[0244] The components A and B were mixed, the former being 91 % by weight and the latter being 9 % by weight. 
To the polymer mixture, added were 750 wt.ppm of Irganox 1010 (trade name from Ciba Specialty Chemicals), 750 
so wt.ppm of Irganox 168 (trade name from Ciba Specialty Chemicals) both serving as an antioxidant, 500 wt.ppm of 
potassium stearate serving as a neutrali2ing agent. 1000 wt.ppm of erucamide serving as a slip agent, and 1800 
wt.ppm of a silica compound serving as an anti-blocking agent. The resulting mixture was kneaded in melt In a single- 
screw extruder (Tsukada Juki Seisakusho's TLC35-20 Model) to obtain a resin composition. 

55 (4) FiJm Formation: 

[0245] Using a Tsukada Juki Seisakusho's 20 mmtt T-die casting machine, the resin composition was cast through 
the T-die into films having a thickness of 25 jim. The casting condition was as in the section 2 "Film Formation" men- 
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ttoned hereinabove, and the films produced were evaluated as in the section 3 "Rim Characteristics'* also mentioned 
hereinabove. The data obtained are given In Table 2. 

[Connparative Example 7] 

[0246] A resin composition was produced in the same manner as in Exanple 10. In this, however, only the conrpo- 
nent A was used but the component B was not The films formed from the resin composition were evaluated, and the 
data Obtained are in Table 2. White formed, the films were necked in. 



Table? 





Tensile Modulus MPa 


Film Inrpact (1 inch) J/m 


Heat-Sealing Tempera- 
ture "C 


Moldability 


Example 10 


1.1 X 10^ 


2.9 X 10^^ 


130 


not necked in 


Comp. Ex. 7 


1.1 X 10^ 


2.9 X 10"* 


135 


not necked in 



[0247] The fdlowing Examples 1 1 to 16, CcHnparative Exanrples 8 to 1 2. and Reference Exanrple relate to the third 
20 aspect of the invention. 

[Example 1 1 ] 

( Production of Copolymer (3-A) > 

25 

[0248} 5.0 liters of tolu^e, 6 mmols of triisc^xitytaluminium, 500 ml of 1 -octene. 40 pmols of dimetiiylanitinium tet- 
rakispentafluorop^enyt borate, and 20 pmols of 2-ethyl-5.&-dibenzoirxfenylzirconium bichloride were put Into a 10-liter 
stainless autoclave, and heated at 50°G. Irrto which was Introduced propylene gas until ^e total pressure in the auto- 
clave reached 8.0 kg/cm^G. In that condition, the monomers were polymerized. During the process, propylene was fed 
30 into the system via a pressure corrtroller so that the pressure in the autoclave could be kept constant. After 3 hours, the 
contents were taken out and dried under reduced pressure to obtain a copolymer. 

[02491 To the copolymer powder obtained in the manner as above, added were the following additives. Using a 
kneader, the resulting mixture was kneaded, extruded, and pellellzed. 

35 (1) Antioxidant: 

Ciba Specialty Chemicals' Irganox 1010. 1,000 ppm, 
Ciba Specialty Chemicals' Irgafos 168. 1 ,000 ppm. 

40 (2) Neutralizing agent: Calcium stearate. 1 ,000 ppm. 

(3) Anti-blocking agent: Silica conr^und. 1,800 ppm. 

(4) Slip agent: Erucamide, 500 ppm. 

[0250] The resin characteristics of the copolymer pellets thus obtained were evaluated, as in the section 1 "Resin 
45 Characteristics" mentioned hereinabove. 

< Productton of Propylene-based Polymer (3-B) > 

(1) Preparation of magnesium conpound: 

50 

[0251 ] A reactor (capacity: 500 liters) equipped with a stirrer was fully purged with nitrogen gas, and 97.2 kg of eth- 
anol. 640 g of iodine and 64 kg of metal magnesium were put into it. With stirring, these were reacted under reflax until 
no hydrogen gas was given by the system. Thus was formed a solid reaction product. The reaction mixture containing 
the solid reaction product was dried under reduced pressure, and the intended magnesium compound {solid product) 
55 was obtained. 
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(2) Preparation of solid catalyst component: 

[0252] A reactor (capacity: 500 liters) equipped with a stirrer was fully purged with nitrogen gas. and 30 kg of the 
magnesium compound {not ground), 150 liters of pure heptane (n-heptane). 4.5 liters of silicon tetrachloride. arKf 5.4 
5 liters of di-n-butyl phthalate were put into it. These were kept at 90°C. With stlnring, 144 liters of titanium tetrachloride 
was added thereto, and reacted at 1 10°C for 2 hours. The resulting solid component was separated, and washed with 
pure heptane at SO^C. "ITien, 288 liters of titanium tetrachloride was added thereto, and further reacted at 1 10'C for 2 
hours. This was fully washed with pure heptane at 80*C to dDtain a solid catalyst conrponent. 

10 (3) Pretreatment: 

[0253] 230 liters of pure heptane (n-heptane) was put into a 500-liter reactor equipped with a stirrer, and 25 kg of 
the solid catalyst corrponent was added thereto along with triethylalumrnium in a ratio of 1 .0 mol/mol of Ti of the solid 
catalyst component and with dicydopentyldimethoxysilane in a ratio of 1.8 nxils/mol of the same. Next, propylene was 
15 introduced into the reactor to have a propylene partial pressure of 0.3 Kg/cm^G, and reacted at 25°C for 4 hours. After 
having been thus processed, the solid catalyst component was washed a few times with pure heptane, and carbon diox- 
ide was applied thereto and stirred for 24 hours. 

(4) Polymerization: 

20 

[0254] Propylene was introduced into a 200-liter polymerization reactor equipped with a stirrer, and 3 mmols/kg-PP, 
in terms of Ti, of the pretreated solid catalyst component was fed into tfie reactor along with 4 mmola/kg-PP of trietfiyl- 
amine and 1 mmol/kg-PP of dicydopentyldimethoxysilane. In the reactor, propylene was polymerized at a temp^-ature 
of 80*C. The polymerization pressure (total pressure) in the reactor was 28 l^cm^G. In this process, hydrogen was fed 
25 into the reactor while its anrount was so controlled that the polymer produced could have a predetermined molecular 
weight. The polymer (3-B) thus produced had an isotaclic pentad fraction of 97.6 mol%, and a melt index of 5.9 g/10 
min. During the polymerization process, the vapor phase in the reactor was analyzed through gas chromatography, and 
it had a hydrogen concentration of 4.2 mol%. 

[0255] To the propylene polymer powder obtained in the manner as atove, added were the following additives. 
30 Using a kneader, the resulting mixture was kneaded, extruded, and pelletized. 

(1) Antioxidant: 

Ciba Specialty Chemicals' Irganox 1010, 1 ,000 ppm, 
35 Ciba Specialty Chemicals' Irgafos 168, 1 .000 ppm. 

(2) Neutralizing agent: Calcium stearate, 1 ,000 ppm. 

(3) Anti-blocking agent: Silica compound, 1,000 ppm. 

(4) Slip agent: Erucamide, 1 ,000 ppm. 

40 

[0256] The resin characteristics of the propylene polymer pellets thus obtained were evaluated, as in the section 1 
"Resin Characteristics" mentioned hereinabove. 

[0257] 80 parts by weight of the ccpolyma- (3-A) and 20 parte by weight of the propylene polymer (3-B) were well 
fcrfended in a dry blender. 

45 [0258] The resulting propyl ene-based resin mixture was formed into films, as in the section 2 "Film Formation" men- 
tioned hereinabove, and the quality of the films was evaluated as in the section 3 "Rim Ch^acteristics" ^so mentioned 
hereinabove. The data (Stained are given in Table 8. 

[Example 12] 

50 

[0259] A propylene-tiased polymer (3-B) was produced in the same manner as in Exanrple 1 1 . In ttiis. however, eth- 
ylene and hydrogen were fed into the polymerization system while their amount was so controlled that the polymer pro- 
duced could have a predetermined ethylene content and a predetermined molecular weight. The polymer (3-B) 
produced herdn had an ethylene content of 3.0 mol%, an isotactic pentad fraction of 99.2 mol%. and a melt index of 
55 8.5 g/1 0 min. During the polymerization process, tiie vapor phase in the reactor was ^alyzed through gas chromatog- 
raphy, and it had an ethylene concaiti'atlon of 1.2 mol% and a hydrogen concentration of 4.3 mol%. The propylene- 
based polymer (3-B) thus produced herein was combined with the copolymer (3-A) produced in Exanple 1 1 . and proc- 
essed in the same nrranner as in Example 1 1. In this, however, 90 parts by weight of the copolymer (3-A) was blended 
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with 10 parts by weigtit of the polymer (3-B), The data obtained are given in Table 8. 
[Example 13] 

s [0260] The same process as in Example 1 2 was repeated, except that the chill roll temperature was varied to 60'C 
in the step of forming films. The data obtained are given in TaWe 8. 

[Example 14] 

w [0261] The same process as in Example 1 was repeated. In this, however, the amount of 1-octene used was 300 
ml but not 500 ml, the polymerization temperature was ACC but not 50*0. and n-heptane but not toluene was used In 
the step of producing the copolymer (3-A). The data obtained are given in Table 8. 

[Example 15] 

IS 

[0262] The same process as in Example 1 1 was repeated. In this, however, 500 ml of 1 -dodecene txjt not 1 -octene 
was used, the polymerization temperature was 40"C but not 50°C. and n-heptane but not toluene was used in the step 
of producing the copolymer (3-A). The data obtained are given in Table 8. 

20 [Example 16] 

[0263] The same process as in Exannple 1 1 was repeated. In this, however. 500 ml of 1 -decene but not 1-octene 
was used, the polymerization temperature was 40''C but not 50°C. and n-heptane but not toluene was used in the step 
of producing the copolymer {3-A). The data obtained are given in Table 8, 

25 

[Comparative Example 8] 

[0264] The same process as in Example 1 1 was repeated. In this, however. 45 parts by weight of the copolymer (3- 
A) produced in Example 1 1 was blended with 55 parts by weight of the propylene polymer (3-B) produced in Example 
30 11. The data obtained are given in Table 8. 

[Conparative Example 9] 

[0265] The copolymer (3-A) produced in Example 1 1 alone was formed into films, without adding the propylene pol- 
35 ymer {3-B) thereto. The chill roll temperature in forming the films was SO^C. However, releasing the films from the chill 
roll was difficult, and the appearances of the films formed were not good. 

[Conparative Example 10] 

40 [0266] The same process as in Comparative Example 9 was repeated. In this, however, the chill roll temperature in 
the step of forming films was 30°C. like in Example 11. 

[Conparative Example 1 1] 

45 [0267] The same process as in Example 1 1 was repeated. In this, fxwever. 500 ml of 1-butene txit not 1-octene 
was used and n-heptane but not toluene was used in the step of producing the copolymer (3-A). The data obtained are 
given in Table 8. 

[Conparative Example 12] 

50 

[0268] The same process as in Example 1 1 was repeated. In this, however, a copolymer {3-A) produced in the 
manner mentioned below was used. 

[0269] 6.0 liters of toluene, 6 mmols of triisobutylaluminium, and 20 finwls of dimethylanilinium tetrakispentafluor- 
ophenyl borate were put into a 10-liter stainless autoclave, and healed at 50"C. into which was introduced a mixed gas 
55 of ethylene/iDropylene (1 0/1 00 by volume) until the total pressure in the autoclave reached 7.0 kg/cm^G. 

[0270] In this stage. 5 fimols of (1 ,2'-ethylene)(2. 1 '-ethylene)-bis(indenyl)hafnium dichloride was added to the sys- 
tem, and the monomers were polymerized. During the process, propylene was fed into the system via a pressure con- 
troller so that the pressure in the autoclave could be kept constant. After 3 hours, the contents were taken out and dried 
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under reduced pressure to obtain a copolymer. The data obtained are given in Table 8. 
[Reference Example 1] 

5 [0271] The same additives as in Example 1 1 were added to a oommerdally-available, linear low-density polyethyl- 
ene (Wemitsu Moretec V0398CN), and the resulting resin composition was processed and evaluated in the same man- 
ner as in Exanple 11. The data obtained are given in Table 8. 

10 
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[0272] The following Examples 17 to 21 and Conrparative Examples 13 to 16 relate to the fourth aspect of the 
invention. 



38 



EP 1 006 149 A1 



[Example 17] 

(1) Preparation of N-heptane Suspension of Silica-carried Methylaluminoxane: 

5 [0273] 27.1 g of Si02 (Fuji Silicia's trade name P-10) was dried at 200'C under reduced pressure for 2 hours to 
crtjtain 25.9 g of dry silica. 

[0274] The dry silica was put into 400 ml of toluene cooled at -TS^C in a dry ice/methanol bath. With stirring, 145.5 
ml of a toluene solution of methylaluminoxane (1 .5 mols/Irter) was dropwise added thereto through a dropping funnel, 
over a period of 1 .0 hour. This was left as it was for 4 hours, and then heated from -78°C up to 20*C over a period of 6 
10 hours. Then, this was left as it was for 4 hours. Next, this was further heated from 20''C up to 80°C over a period of 1 
hour, and left at 80°C for 4 hours. Through the process, the reaction of silica with methylaluminoxane was completed. 
[0275] The resulting suspension was filtered at ecc. and the solid thus separated was washed twice with 400 ml 
of toluene at SO'C, and then twice wrth 400 ml of n-hexane at 60°C. 

[0276] The washed solid was dried at 60°C under reduced pressure for 4 hours to obtain 33.69 g of silica-carried 
15 methylaluminoxane. The proportion of methylaluminoxane carried by silica was 23.1 2 % by weight. 

[0277] N-heptane was added to all the thus-obtained, silica-carried methylaluminoxane thereby making the result- 
ing su^ension have a volume of 500 ml. The suspension had a methylaluminoxane concentration of 0.27 mols/liter. 

(2) Preparation of Silica-carried Metallocene Catalyst: 

20 

[0278] In a nitrogen atmosphere, 74 ml (20 mmols) of the silica-carried methylaluminoxane suspension prepared in 
the above, and 40 nmols of rac-dimethylsilylenG-bis-2-ethyl-4,5-ben2oindenyl2irconium dichloride in heptane were put 
into a 300 ml ScMenk, and stirred for 10 minutes at room tenperature to prepare a silica-can-ied metallocene catalyst. 

25 (3) Polymerization: 

[0279] 5.0 liters of n-heptane, 5 mmols of triisobutylaluminium. 400 mi of 1-octene, and 40 jimols of the silica-car- 
ried metallocene catalyst prepared in the above were put into a 10-liter stainless steel autoclave, and heated at 50'*C. 
into which was introduced propylene gas until the total pressure in the autodave reached 8.0 kg/cm^G. In that condition, 
30 the nronomers were polymerized. During the process, propylene was fed into the system via a pres^re controller so 
that the pressure in the autoclave could be kept constant. After 4 hours, the contents were taken out and dried under 
reduced pressure to obtain a propylene-octene random copolymer powder. 

(4) Formulation of Additives: 

35 

[0280] To the copolymer powder detained in the manner as above, added were the following additives. Using a 
kneader, the resulting mixture was kneaded, extruded, and pelletized. The resin characteristics of ttie pellets were eval- 
uated as in the section 1 "Resin Characteristics" mentioned hereinabove. The data obtained are given in Table 9. 

40 Antioxidant: 

Ciba Specialty Chemicals' Irganox 1010, 1,000 ppm, 
Cilja Specialty Chemicals* Irgafos 168, 1,000 ppm. 

45 Neutralizing agent: Calcium stearate, 1 ,000 ppm. 
Anti-l^ocking agent: Silica compound, 1 ,800 fxpm. 
Slip agent: Erucamide, 500 ppm. 

(5) Formation and Evaluation of Films: 

so 

[0281] The pellets were formed into films, as in the section 2 "Film Formation" mentioned hereinabove, and the 
quality of the films was ev^uated as in the section 3 "Film Characteristics" also mentioned hereinabove. The data 
obtained are given in T^e 9. 

55 [Example 18] 

[0282] The same process as in Example 1 7 was repeated. In this, howevw, 500 ml but not 300 ml of 1 -octane was 
used, and the polymerization temperature was 40''C but not 50°C. The resin characteristics of the copolymer obtained 
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herein and also the quality of the films produced herein are all given in Table 9. 



[Example 19] 

5 (1) Preparation of Catalyst and Production of Copolymer: 

[0283] 5.0 liters of n-heptane, 6 mnrols of triisobulytaluminium and 300 ml of 1 -octene were put into a 1 0-liter stain- 
less steel autoclave. 40 nmols of dimethylanillnium tetraklspentafluorophenyl borate, and 20 nmols of rac-dimethylsi- 
lylene-bis-2-ethyl-4,5-benzoindenylzirconlum dichloride were added thereto, and heated at 50°C. Propylene was 
10 introduced into the autoclave until the total pressure in the autoclave reached 8.0 kg/cm^G. In that condition, the mon- 
omers were polymerized. During the process, propylene was fed into the system via a pressure controller so that the 
pressure in the autoclave could be kept constant. After 3 hours, the contents were taken out and dried under reduced 
pressure to obtain a propylene-butene random copolymer powder. 



15 (2) Formulation of Additives: 

[0284] To the copolymer powder obtained in the manner as atxjve, added were the following additives. Using a 
kneader, the resulting mixture was kneaded, extruded, and pelletized. The resin characteristics of the pellets were eval- 
uated as in the section 1 "Resin Charact^-istics" mentioned hereinabove. The data obtained are given in Table 9. 

20 

Antioxidant: 



Ciba Specialty Chemicals' Irganox 1010, 1,000 ppm, 
Ciba Specialty Chemicals' Irgafos 168, 1.000 ppm. 

25 

Neutralizing agent: Calcium stearate, 1,000 ppm. 
Anti-blocking agent: Silica conripound. 1,800 ppm. 
Slip agent: Enjcamide. 500 ppm. 
Nucleating agent: Asada Milling's Talc MMR, 1,000 ppm. 

30 

(3) Formation and Evaluation of Films: 

[0285] Films were formed and evaluated in the same manner as in Example 1 7. 



35 [Example 20] 

[0286] TTie same process as in Example 19 was repeated. In this, however, the amount of 1-octene fed into the 
polymerization system was 500 ml but not 300 ml, the polymerization temperature was 40'C but not 50*C, and 1000 
ppm of Shin-Nippon Rika's Gelol MD (dimethylbenzyltdene-sorbitol) but not Talc MMR was used as" the nucleating 
40 agent. The data of the resin characteristics and the film quality of the copolymer obtained are given in Table 9. 



[Example 21] 

[0287] The same process as in Example 17 was repeated. In this, however, 700 mt of 1 -dodecene but not 1 -octene 
was fed into the polymerization system, and the polymerization temperature was 40^0 but not S0°C. The data of the 
resIn characteristics and the film quality of the copolymer obtained are given in Table 9. 
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[Comparative Example 13J 

[0288] The same process as in Example 20 was repeated, except that the additives were changed to those men- 
tioned below. In this, however, casting the resin composition into films ended in failure, and good films could not be 
5 obtained. The data of the resin characteristics of the copolymer produced herein are given in T^e 1 0. 

Antioxidant: 

Ciba Specialty Chemicals' Irganox 1010, 1 ,000 ppm, 
10 Ciba Specialty Chemicals' Irgafos 168, 1,000 ppm. 

Neutralizing agent: Calcium stearate. 1 .000 ppm. 
Ami -blocking agent: Silica compound, 1 ,800 ppm. 
Slip agent: Erucamide. 500 ppm. 

15 

[Comparative Example 14] 

[0289] The same process as in Exampte 1 7 was repeated, except that the method of producing the propylene- 
based random copolymer was changed to that mentioned below. In this, however, casting the resin composition into 
20 films ended in failure, and good films could not be obtained. The data of the resin characteristics of the copolymer pro- 
duced herein are given in TaWe 1 0. 

[0290] 6 liters of toluene and 6 mmols of methylalumlnoxane were put into a 10-liter stainless steel autoclave, and 
heated at 30°C, into which was introduced a mixed gas of ethylene/propylene (30/70 by volume) until the total pressure 
in the autoclave reached 7.0 kg/cm^G. In this stage. 0.6 pmols of rac-dimethylsilylene-bis-2-etfiyl-4.6-benzoindenyl2ir- 
25 conium dichloride was added to the system, arxf the monomers were polymerized. During the process, propylene was 
fed into the system via a pressure controller so that the pressure in the autoclave could be kept constant. After 1 hour, 
the cont^ts were taken out and dried under reduced pressure to obtain a propylene-butene random copolymer pow- 
der. 

30 [Comparative Example 15] 

[0291] The same process as in Example 17 was repeated, except that the method of producing the propylene- 
based random copolymer was changed to that mentioned below. The data of the resin characteristics and the film qual- 
ity of the copolymer produced herein are given in Table 10. 

35 [0292] 6 liters of toluene, 6 mmols of triisobutylaluminium, and 20 ftmols of dimethylanilinium tetrakispentaf luoroph- 
enyl borate were put into a 10-liter stainless steel autoclave, and heated at SO'C, into which was introduced a mixed 
gas of ethylene/propylene (10/100 by volume) until the total pressure in the autoclave reached 7.0 kg/cm^G. In this 
stage, 5 nrm\s of (1 ,2'-ethylene)(2,1'-ethylene)-tHS(indenyl) hafnium dichloride was added to the system, and the mon- 
omers were polymerized. During the process, propylene was fed into the system via a pressure contrdler so that the 

40 pressure in the autoclave could be kept constant. After 3 hours, the contents were taken out and dried under reduced 
pressure to obtain a propylene-ethylene random copolymer powder. 

[Comparative Example 16] 

45 [0293] The same process as in Comparative Example 13 was repeated. In this, however. 500 ml of 1-butene but 
not 1-octene was fed into the polymerization system, and the pc^ymerization tenperature was 50°C but not 40'C. The 
data of the resin characteristics and tiiefilm quality of the copolymer obtained are given in Table 10. 



so 
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Table 10 





Comparative Examples 




13 


14 


15 


16 


Resin Characteris- 
tics 


Type of Connonomer 


1-octene 


ethylene 


ethylene 


1 -butene 


Comonomer Content mol% 


4.9 


24.4 


8.7 


9.0 


Melting Point (Tm) •'C 


99.9 


88.2 


110.9 


121.9 


Crystallization Temperature (Tc) "C 


56.1 


48.5 


75.8 


84.3 


Stereospecif icity Index (P) nral% 


97.7 


97.6 


97.8 


97.6 


Intrinsic Viscosity dl/g 


2.0 


1.7 


1.7 


2.2 


Film Quality 


Heat-Sealing Temperature "C 






109 


116 


Anti- Blocking 
Properties isl/m^ 


Condition 1 






85 


41 


Condition 2 






51 


21 


Slip Characteristics tane 






0.44 


0.25 


Ha2e% 






1.4 


3.5 


Tensile 


Modulus MPa 






320 


540 


Anti-blocking Properties: 

Condition 1 for adhesion: at a temperature of 60'C under a load of 36 kg/cm^ for 3 hours. 
Condition 2 for adhesion: at a tenrperature of 50°C under a load of 15 kg/cm^ for 1 hour. 



[0294] The following Examples 22 to 25 and Comparative Examples 1 7 to 19 relate to the fifth aspect of the inven- 
30 tion. 

[Example 22] 

(1) Preparation of Catalyst and Production of Copolymer: 

35 

[0295] 5.0 liters of n-heptane, 6 mmols of triisobutyialuminium and 500 ml of 1 -Ixitene were put into a 1 0-liter stain- 
less steel autoclave. 40 |imols of dimethylanilinium tetrakispentafluorophenyl borate, and 20 jiimols of rac-dimethylsi- 
lylene-bis-2-ethyl-4,5-benzoindenyl2irconium dichlorlde were added thereto, and heated at 50*C. Propylene gas was 
introduced into the autoclave until the total pressure in the autoclave reached 8.0 kg/cm^. In that condition, the mon- 
40 omers were polymerized. During the process, propylene was fed into the system via a pressure controller so that the 
pressure In the autoclave could be kept constant. After 3 hours, the contents were taken out and dried under reduced 
pressure to (rtrtain a propylene-butene random copolymer powder. 

(2) Formulation of Additives: 

45 

[0296] To the copolymer powder obtained In the manner as above, added were the following additives. Using a 
kneader, the resulting mixture was kneaded, extruded, and pelletized. The resin characteristics of the pellets were eval- 
uated as in the section 1 "Resin Characteristics" mentioned hereinabove. The data obtained are given In Table 11. 

50 Antioxidant: 

Ciba Specialty Chemicals' Irganox 1010, 1,000 ppm, 
Ciba Specialty Chemicals' Irgafos 168. 1.000 ppm. 

55 Neutralizing agent: Calcium stearate. 1 .000 ppm. 
Anti-blocking agent: Silica compound. 1 ,800 ppm. 
Slip agent: Erucamide, 500 ppm. 
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(3) Formation artd Evaluation of Films: 

[0297] Using a Tsukada Juki Seisakusho's 20 mnrhji T-die casting machine, the pellets were cast through the T-die 
into films having a thickness of 30 ^m, under ttie condition mentioned below. The quality of the films produced was eva)- 
5 uated as In the section 3 "Film Characteristics" mentioned hereinabove. The data obtained are given in Table 1 1 . 

[Example 23] 

[0298] A copolymer composition was produced in the same manner as in Example 22, except that the formulation 
10 of the additives was changed to that mentioned below. The resin characteristics and the film quality of the copolymer 
obtained were evaluated also in the same manner, and the data are given In Table 1 1 . 

Antioxidant: 

15 Ciba Specialty Chennicais' Irganox 1010, 1 ,000 ppm, 

Ciba Specialty Chemicals' Irgafos 168, 1,000 ppm. 

Neutralizing agent: Calcium stearate, 1 ,000 ppm. 
Anti -blocking agent; Silica compound, 1,800 ppm. 
20 Slip agent: Erucamide, 500 ppm. 

Nucleating agent: Asada Milling's Talc MMR. 1 ,000 ppm. 

[Example 24] 

25 [0299] The same process as in Exanple 23 was repeated. In this, however, 1 00 ml of 1 -butene was used and the 
polymerization temperature vwas SCC. The data of the resin characteristics and the film quality of the copolymer 
obtained are given in Table 1 1 . 

[Example 25] 

30 

[0300] A copolymer composition was produced in the same manner as in Example 24 (22?), except that the formu- 
lation of the additives was changed to that mentioned below. The resin characteristics and the film quality of the copol- 
ymer obtained were e^^aluated also in the same manner, and the data are given In Table 1 1 . 

35 Antioxidant: 

Ciba Speciatty Chemicals' Irganox 1010, 1 .000 ppm, 
Ciba sjaecialty Chemicals' irgafos 168, 1,000 ppm. 

40 Neutralizing agent: Calcium stearate, 1 ,000 ppm. 
Anti-trfocking agent: Silica compound, 1 ,800 ppm. 
Slip agent: Erucamide, 500 ppm. 

Nucleating agent: Shin-Nippon Rika's Gelol MD (dimethylbenzylidene-sorbitol), 1,000 p^m. 

45 

Table 11 





Example 13 


Example 14 


Exarr^te 15 


Example 16 


Resin Charac- 
teristics 


1 -Butene Content mol% 


9.0 


9.0 


3-8 


3.8 


Melting Point (Tm) "C 


121.9 


122.4 


141.7 


142.2 




Crystallization Temperature (Tc) *C 


84.3 


95.0 


99.8 


109.5 




Stereospecrfidty Index (P) nfx)l% 


97.6 


97.6 


98.3 


98.3 




Intrinsic Viscosity dl/g 


2.0 


2.0 


2.2 


2.2 




Type of Nucleating Agent 




Talc MMR 




Gelol MD 
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Table 11 (continued) 





Example 13 


Example 14 


Example 15 


Example 16 


Film Quality 


Heat-Sealing Temperature "C 


116 


111 


136 


129 


Anti -Blocking 
Properties N/m^ 


Condition 1 


42 


39 


26 


26 


Condition 2 


22 


23 


15 


18 


Slip Characteristics tan9 


0.26 


0.28 


0.19 


0.22 


Haze% 


3.2 


2.1 


1.5 


1.8 


Tensile Modulus MPa 


490 


660 


1100 


1200 


Anti-blocking Properties: 

Condition 1 for adhesion: at a temperature of 60°C under a load of 36 kg/cm^ for 3 hours. 
Condition 2 for adhesion: at a temperature of 50°C under a load of 15 kg/cm^ for 1 hour. 



[Comparative Example 1 7] 



[0301] The same process as in Example 22 was repeated, except that the method of producing the propylene- 
20 based random copolymer was changed to that mentioned below. The data of the resin characteristics and the film qual - 
ity of the copolymer produced herein are given in TaWe 12. 

(1) Preparation of magnesium compound: 

25 [0302] A reactor (capacity: 500 liters) equipped with a stirrer was fully purged with nitrogen gas, and 97.2 kg of eth- 
anoi, 640 g of iodine and 6.4 kg of metal magnesium were put into it. V^th stinring, these were reacted under reflux until 
no hydrogen gas was given by the system. Thus was formed a solid reaction product. The reaction mixture contaning 
the solid reaction product was dried under reduced pressure, and the intended magnesium compound (solid product) 
was obtained. 

30 

(2) Preparation of solid catalyst component: 

[0303] A reactor (capacity: 500 liters) equipped with a stirrer was fully purged with nitrogen gas. and 30 kg of the 
magnesium compound (not ground), 150 liters of pure heptane (n-heptane). 4.5 liters of silicon tetrachloride, and 5.4 
35 liters of di-n-butyl phthalate were put Into it. These were kept at 90*'C. With stin-ing. 144 liters of titanium tetrachloride 
was added thereto, and reacted at 1 10"C for 2 hours. The resulting solid component was separated, and washed with 
pure heptane at SO'C. Then, 228 liters of titanium tetrachloride was added thereto, and further reacted at 1 10'C for 2 
hours. This was fully washed with pure heptane to obtain a solid catalyst component. 

40 (3) Pretreatment: 

[0304] 230 liters of pure heptane was put into a 500-titer reactor equipped with a stirrer, and 25 kg of the solid cat- 
alyst component was added thereto along with triethylalumlnium in a ratio of 1 .0 mol/mol of T\ of the solid catalyst com- 
ponent and with dicyclopentyldimethoxysilane in a ratio of 1.8 mols/mol of the same. Next, prqaylene was introduced 
45 into the reactor to tiave a propylene partial pressure of 0.3 kg/cm?G. and reacted at 25°C for 4 fx)urs. After having been 
thus processed, the solid catalyst component was washed a few times with pure heptane, and cartxxi dioxide was 
applied thereto and stirred for 24 hours. 

(4) Polymerization: 

50 

[0305] 1.2 liters of n-heptane and 90 g of 1-butene were put into a 2-liter stainless steel autoclave that had been 
purged with nitrogen. This was heated at yo^C. and a mixed gas of propylene/hydrogen (16/1 by volume) was intro- 
duced thereinto. The total pressure in the autoclave was kept at 4.0 kg/cm^. In ttiat condition. 2.5 ^mols, in terms of 
Tt. of the processed solid catalyst component, 1 .000 Kimois of triethylaluminium, and 25 enrols of dicyclopentyldimeth- 
55 oxysilane were put into the autoclave, and the monomers were polymerized for 1 hour. In this process, the mixed gas 
of propylene/hydrogen (16/1 by volume) so fed into the autoclave via a pressure controller that the pressure and the 
vapor composition in the autoclave could be k^ constant. The polymer thus formed was taken out through filtration 
and dried under reduced pressure to obtain a prc^ylene-butene random copolymer powder. 
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[Comparative example 18] 

[0306] The same process as in Comparative Example 1 7 was repeated, except that 60 g of 1 -txitene was fed into 
the autoclave. The data of the resin characteristics arxl the film quality of the copolymer produced herein are given in 
5 Table 12. 

[Comparative Exam|:Je 19] 

[0307] The same process as in Comparative Example 1 7 was repeated, except that 30 g of 1 -butene fed into the 
10 autoclave. The data of the resin characteristics and the film quality of the copolymer produced herein are given in Table 
12. 



Table 12 





Comp. Ex. 17 


Comp. Ex. 18 


Comp. Ex. 19 


Resin Characteris- 
tics 


1 -Butene Content mol% 


8.2 


59 


3.7 


Melting Point (Tm) **C 


145.2 


148.2 


155.0 


Crystallization 


100.0 


102.8 


109.5 


Temperature (Tc) *C 








Stereospecifidty Index (P) mol% 


99.0 


99.0 


98.7 


Ir^trinsic Viscosity dl/g 


1.7 


1.8 


1.7 


T^e of Nucleating Agent 








Film Quality 


Heat-Sealing Temperature "C 


138 


141 


149 


Anti- Blocking Prop- 
erties N/m^ 


Condition 1 


24 


24 


21 


Condition 2 


14 


12 


15 


Slip Characteristics tan 6 


0.39 


0.46 


0.48 


Haze% 


3.6 


3.7 


3.9 


Tensile Modulus MPa 


720 


830 


930 


Anti-Woddng Properties: 

Condition 1 for adhesion: at a temperature of 60*C under a load erf 36 kg/cm^ for 3 hours. 
Condition 2 for adhesion: at a temperature of SO'C under a load of 15 kg/cm^ for 1 hour. 



40 [0308] The following Examples 26 to 29 and Comparative Exanples 20 to 23 relate to the sixth aspect of the inven- 
tion. 

[Example 26] 
45 (1) Polymerization; 

[0309] 5.0 liters of n-heptane. 6 mmols of triisobutylaluminium and 500 ml of 1 -octene were |xrt into a 1 0-liter stain- 
less steel autoclave. 40 ^imols of dimelhylanilinium tetrakspentafluorophenyl borate, and 20 jimols of rac-dimethylsi- 
l^ene-l:MS-2-ethyl-5.6-benzoindenylzirconium dichloride were added thereto, arxt heated at 40*C. Propylene gas was 
so introduced into the autoclave umii the total pressure in the autoclave reached 8.0 kg/cm^G. In that condition, the mon- 
omers were polymerized. During the process, propylene was fed into the system via a pressure controller so that the 
pressure in the autoclave could be kept constant.- After 1 hour, the contents were taken out and dried under reduced 
pressure to obtain a propylene-octene random copolymer. 

55 (2) Blending and Kneading: 

[0310] To the copolymer obtained in the manner as atx}ve, added were the following additives. TTirough a angle- 
screw extruder (Tsukada Juki Seisakusho's TLC35-20 Model), the resulting mixture was extruded and pelletized. 
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Antioxidant: 

Ciba Speciahy Chemicals' Irganox 1010, 1,000 ppm. 
C\ba Specialty Chemicals' Irgatos 168. 1,000 ppm. 

5 

Neutralizing agent: Calcium stearate, 1 ,000 |:^m. 
Anti-blcxiong agent: Silica compound, 1 ,800 ppn. 
Slip agent: Erucamide, 500 ppm. 

Nucleating Agent: Shin-Nippon Rika's Gelol MD (dimethylbenzylidene-sortjitol), 1,000 ppm. 

10 ^ 

(Example 27] 

[031 1 1 In the same manner as in Example 26, a polymer was produced and blended with additives. In this, however, 
300 ml of 1 -octene was used, the polymerization tenperature was SO'C, and 1 ,000 ppm of Talc MMR (from Asada MiJl- 
15 ing) was used as the nucleating agent. The polymer composition was fomned into films, and the films were evaluated. 
The data obtained are given in Tattle 13. 

[Comparative Example 20] 

20 [031 2] The same process as in Example 26 was repeated, except tiiat the nucleating agent was not added. 
[Comparative Example 21] 

[031 3] The same process as in Example 27 was repeated, except that the nucleating agent was not added. 

25 



Table 13 





ExamF^e 26 


Comp. Ex. 20 


Example 27 


Comp. Ex. 21 


Resin Characteristics 


1 -Octene Content mot% 


4.9 


4.9 


4.1 


4.1 


Intrinsic Viscosity [vt] 
dl/g 


2.0 


2.0 


1.8 


1.8 


Melting Point (Tm) °C 


99.9 


99.9 


108 


108 


Stereospecificity Index 
(P) mol% 


97.7 


97.7 


96.7 


96.7 


Film Quality 


Heat-Sealing Tempera- 
ture "C 


90 


95 


93 


100 


^ti-Bloddng Prq^er- 
tiesNAn^ 


28 


23 


26 


20 


Slip Characteristics 
tane 


0.31 


0.25 


0.35 


0.29 


Haze% 


1.8 


1.1 


1.5 


1.0 


Tensile Modulus MPa 


457 


360 


510 


490 


22xHST- 1700 


280 


390 


346 


500 



50 [Example 28] 

(1) Polymerization: 

[031 4] 5.0 liters of n-heptane, 6 mmols of triisobutylaluminium and 500 ml of 1 -butene were put into a 1 D-lrter stain- 
55 less steel autoclave. 20 ^mols of dimethylanilinium tetrakispentafluorqshenyl borate, and 10 ^mols of rac-dimethylsi- 
lylene-bls-2-ethyl-5,6-benzoindenyl2irconium dichloride were added thereto, and heated at SO^C. Propylene gas was 
introduced into the autoclave until the total pressure in tiie autoclave reached 8.0 kg/cm^. In that condition, the mon- 
omers were polymerized. During the process, propylene was fed into the system via a pressure controller so that the 
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pressure in the autoclave could be kept constant. After 4 hours, the contents were taken out arvd dried under reduced 
pressure to obtain a propylene-butene random copolymer. 

(2) Blending and Kneading: 

5 

[0315] To the copolymer obtained in the manner as above, added were the same additives as in Example 26. 
Through a single-screw extruder (Tsukada Juki Seisakusho's TLC35-20 Model), the resulting mixture was extruded and 
palletized. 

10 (3) Film Formation: 

[0316] Using a 20 mm4» T-die casting machine (from Tsukada Juki Seisakusho), the resin pellets were cast into 
films having a thickness of 30 ]im, under the same condition as in Example 26. 

15 (4) Evaluation of Films: 

[031 7] The films were aged at 40*'C for 24 hours, and their quality was evaluated as in the seclron 3 "Film Charac- 
teristics" mentioned hereinabove. The data obtained are given in Table 14. 

20 [Example 29] 

[0318] In the same manner as in Example 28. a polymer was produced, blended with additives, formed into films 
and evaluated. In this, however, 100 ml of 1-butene was used, and the polymerization teirperature was 60"C. The data 
obtained are given in Table 14. 

25 

[Conparative Example 22] 

[031 9] The same process as in Example 28 was repeated, except that the nucleating agent was not added. 
30 [Comparative Example 23] 

[0320] The same process as in Example 29 was repeated, except that the nucleating agent was not added. 



35 Table 14 





Example 28 


Comp. Ex. 22 


Example 29 


Comp. Ex. 23 


Resin Characteristics 


1-butene Content mol% 


9.0 


9.0 


3.8 


3.8 




Intrinsic Viscosity [n] 
dl/g 


2.0 


2.0 


2.2 


2.2 




Melting Point (Tm) "0 


122 


122 


142 


142 




Stereospecificity Index 
(P) mol% 


97.6 


97.6 


97.9 


97.9 




Boiling Ether Extraction 
wt.% 


1.2 


1.2 


0.5 


0.5 



55 
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Table 14 (continued) 





Example 28 


Comp. Ex. 22 


Example 29 


Comp. Ex. 23 


Film Quality 


Heat-Sealing Tempera- 
ture "C 




116 


129 


136 




Anti- Blocking Proper- 
ties NAn^ 


23 


22 


18 


15 




Slip Characteristics 
tane 


0.28 


0.26 


0.22 


0.19 




Haze% 


2.1 


3.2 


1.8 


1.5 




Tensile Modulus MPa 


661 


490 


1200 


1100 




22x HST- 1700 


592 


702 


988 


1142 



INDUSTRIAL APPLICABILITY 

[0321] According to the invention, obtained are propylene-based polymers and their films having high toughness 

20 and good heat-sealability. 

[0322] The propylene-based polymers and the propylene-based polymer connpositions of the invention have excel- 
lent low-terrperature heat-sealability connparabJe to that of linear low-density polyethylene, without detracting from the 
characteristics intrinsic to polypropylene resins, and have well-balanced toughness and heat-sealability. In addition, 
their films are not sticky and have significantly improved anti-blocking properties and slip characteristics, still keeping 

25 the excellent characteristics intrinsic to polypropylene resin films, such as high toughness, high transparency and good 
moisture-proofness. Further, the polymers and the polymer compositions have much improved mddability. 
[0323] Moreover, the propylene-based resins of the invention are favorable to sealant layers in laminates and co- 
extruded layered films. What is nrwre. as having excellent low-temperature heat-sealability. anti-blocking properties, slip 
characteristics and toughness, they are favorable to ordinary fibers, sheets, moldings, and even laminates comprising 

30 at least one layer of the resin. 

Claims 

1 . A propylene-based polymer composition comprising (1 -A) a propylene homopolymer obtained through pdymeriza- 
35 tion in the presence of a metallocene catalyst and having an isotactic pentad fraction (mmmm fraction) of from 80 

to 99 mol%. a molecular weight distribution (Mw/Mn) of at most 3.5, and an intrinsic viscosity [v^ of from 0.5 to 5.0 
dt/g, and (1-B) at least 10 ppm of a nucleating agent. 

2. A propylene-based polymer composition comprising (1 -A") a propylene-based random copolymer obtained through 
40 polymerization of propylene, and ethylene and/or an a-otelin having from 4 to 20 carbon atoms in the presence of 

a metallocene catalyst and having a propylene^derived structural unit content of from 80 to 100 mol%, an ethylene 
and/or C4-20 a-olef in-derived structural unit content of from 0 to 20 mol%, a molecular weight distritXJtron (Mw/Mn) 
of at most 3.5, and an intrinsic viscosity [tJ of from 0.5 to 5.0 dE/g, and (1-B) at least 10 ppm of a nucleating agent. 

45 3. The prqjyiene-based polymer resin conposrtion as claimed in claim 1 or 2, wherein the nucleating agent is a metal 
salt of an organic phosphoric acid. 

4. The propylene-based polymer resin composition as claimed in claim 1 or 2, wherein the nucleating agent is talc. 

so 5. The propylene-based polymer resin composition as claimed in claim 1 or 2, wherein the nucleating agent is diben- 
zylidene-sorbitol or its derivative. 

6. The propylene-based polymer resin composition as claimed in claim 1 or 2, wherein the nucleating agent is an 
amide compound. 

55 

7. A propylene-based polymer composition of which the tensile modulus (TM (MPa)) in the MD direction and the heat- 
sealing temperature (HST (''C)) satisfy the following formula (II): 
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TM^22 X HST- 1850 (1-11). 

8. Rims as formed by casting the propylene-based polymer composition of any of clainrts 1 to 7. 

5 9. Films for wrapping or packaging edibles, which are formed by casting the propylene-based polymer composition of 
claim 3 or 4. 

1 0. A polypropylene-based resin composition comprising (2-A) from 50 to 99 parts by weight of a propylene homopol- 
ymer obtained through polymerization in the presence of a metallocene catalyst and having an isotactic pentad 
10 fraction (mmmm fraction) of from 80 to 99 mol%, an intrinsic viscosity [j]] of from 1 .0 to 2.0 dl/g, and a molecular 
weight distribution (Mw/Mn) of at most 3.5. and (2-B) from 1 to 50 parts by weight of a propylene homopolymer 
obtained through polymerization in the presence of a metallocene catalyst and having an intrinsic viscosity [rt] of 
from 0.01 to 1.0 dl/g, and a molecular weight distribution (Mw/Mn) of at most 3.5. 

IS 11. Films made of the polypropylene-based resin composition of claim 1 0. 

1 2. A propylene-based resin connprising (3-A) from 55 to 99 parts by weight of a copolymer of propylene and an a-ote- 
fin having at least 5 carbon atoms, and (3-B) from 1 to 45 parts by weight of a prqDylene-based polymer of which 
the crystallization temperature as measured through differential scanning calorimetry is higher than that of (3-A). 

20 

1 3. The propylene-based resin as claimed in claim 12, wherein the crystallization temperature {Tea (*C)) of the copd- 
ymer (3-A) and the crystallization terrperature (Tcb ("C)) of the propylene-based polymer (3-B), both measured 
through differential scanning calorimetry, satisfy the following formula: 

25 Tcb -Tea ^20 (3-1). 

14. The propylene-based resin as claimed in daim 12 or 13. which satisfies the following requirements (i). (ii) and (iii) 
in its temperature-programmed fractionation chromatography: 

30 (i) The amount of its fraction eluted within the temperature range between (Tp - 5)°C and (Tp + 5)'*C is at least 

65 % by weight, with Tp being the peak temperature for essential elution; 

(ii) The amount of Its fraction eluted within the temperature range not higher than 0*C is at most 3 % by weight: 
and 

(iii) The anraunt of its fraction eluted within the temperature range not lower than Tp + 1 0*C is from 1 to 45 % 
35 by weight of all eluates. 

1 5. The propylene-based resin as claimed in any of claims 12 to 14, of which the peak top temperature on the highest 
temperature side in its crystallization cun^e measured through differential scanning calorimetry is not lower than 
85<'C. 

40 

16. The propylene-based resin as claimed in any of claims 12 to 15, of which the peak top temperature on the lowest 
temperature side in its melting curve measured through differential scanning calorimetry is not higher than 150'C. 

1 7. The propylene-based resin as claimed in any of claims 12 to 16, wherein the copdymer (3-A) satisfies the following 
45 (A-i) and (A-ii) in its tenperature-programmed fractionation chromatography: 

(A-i) The amount of its fraction eluted within the temperature range between (Tp - 5)°C and (Tp + 5)'C is at 
least 70 % by weight, with Tp being the peak tenperature for essential elution; artd 

(A-ii) The amount of its fraction eluted within the temperature range not higher than 0*^C is at most 3 % by 
so weight. 

18. The propylene-based resin as claimed in any of claims 12 to 17, wherein the copolymer (3-A) satisfies at least any 
one of the following (A-iii), (A-iv) and (A-v): 

55 (A-iii) The content of a-olefin units having at least 5 carbon atoms in the ctpolymer (3-A) is from 0.1 mol% to 

12mol%; 

(A-iv) The stereospecif icity index (P) of the copolymer {3-A) is at least 85 mol%; and 

(A-v) The intrinsic viscosity ([iil) of the copolymer (3-A). as measured in decalin at 135°C. is from 0.5 to 3.0 
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g/dL 

19. The propylene-based resin as claimed in an/ of clainns 1 to 7, wherein the constrtuent a-olefin units having at least 
5 carbon atonrts in the copdymer (3-A) are from at ieast one of 1-octene, 1-dodecene and 1-decene. 

5 

20. Films made of the propylene-based resin of any of claims 12 to 1 9. 

21. Laminates comprising at least one layer of the propylene-based resin of any of claims 12 to 19. 

10 22. A propylene-based random copolymer of propylene and an a-olefin having at least 5 carbon atoms, which satisfies 
the following formula (4-1): 

Tm^ 140, andTms 160-7a (4-1) 

15 wherein Tm (°C) indicates the melting point of the copolymer measured through differential scanning calorimefcry, 
and a (mot%} indicates the content of a-olefin units having at least 5 cartxin atoms in the copolymer; 
and satisfies the following formula (4-11): 

Tc ^ 0.75Tm - 15 (4-11) 

20 

wherein Tc ("C) and Tm ("C) each Indicate the crystallization tenrperature and the melting point, respectively, of the 
copolymer both measured through differential scanning calorimetry. 

23. The propylene-based random copolymer as claimed in claim 22, wherein the content of a-olefin units having at 
25 least 5 carbon atoms is from 0. 1 to 1 2 mot%. 

24. The propylene-based random copolymer as claimed in claim 22 or 23, which has a slereospecificity index (P) of at 
least 85 mol%. 

30 25. The propylene-based random copolymer as claimed in any of claims 22 to 24. which has an intrinsic viscosity [t^], 
as measured in decalin at 135*C. of from 0.5 to 3 dl/g. 

26. The propylene-based random copolymer as claimed in any of claims 22 to 25, wherein the a-olefin units having at 
least 5 carbon atoms are from at least one of 1-oclene, l-decene and 1-dodecene. 

35 

27. A propylene-based random copolymer composition conprising (4-A) a propylene-based random copolymer of pro- 
pylene and an a-olefin having at least 5 carbon atoms, and (4-6) a substance having the capability of nucleation. 
the composition satisfying the following formula (4-1): 

40 Tm^ l40,andTm£ 160-7a (4-11) 

wherein Tm (°C) indicates the melting point of the composition measured ttirough differential scanning calorimetry, 
and a (mol%) indicates the content of a-olefin unite having at least 5 cartran atoms in the composition; 
and satisf^ng the following formula (4-11): 

45 

Tc^0.75Tm-15 (4-11) 

wherein Tc ("C) and Tm (*C) each indicate the crystallization temperature and the melting point, respectively, of the 
composition both measured through differential scanning calorimetry. 

50 

28. The profjyiene-based random ojpolymer composition as claimed in claim 27, whwein the content of a-olefin units 
having at least 5 carbon atoms is from 0.1 to 12 nnol%. 

29. The prop^ene-based random copolymer composition as claimed in claim 27 or 28, wherein the copolymer has a 
55 stereospecificity index (P) of at least 85 ttk>I%. 

30. The prqsylene-based random copolymer conposition as claimed in any of claims 27 to 29, which has an Intrinsic 
viscosity [t]]. as measured in decalin at ISS^C, of from 0.5 to 3 dl/g. 
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31. The propylene-based random copolymer composition as claimed in any of claims 27 to 30. wherein the ot-olefin 
units riaving at least 5 cartwn atoms are from at least one of 1 -octene, 1 -decene and 1 -dodecene. 

32. Films made of the propylene-based random copolymer or the propylene-based random copolymer composition of 
5 any of claims 22 to 31 . 

33. Laminates comprising at least one layer of the propylene-based random copolymer or the propylene-based random 
copolymer composition of any of claims 22 to 31 . 

10 34. Rbers. sheets or moldings comprising the propylene-based random copolymer or the propylene-based random 
copolymer composition of any of claims 22 to 31 . 

35. A propylene-based random copolymer of propylene and 1-butene, which satisfies the following formula (5-1): 

15 Tmi160-3a (5-1) 

wherein Tm ("C) indicates the melting paint of the copolymer measured through differential scanning calorimetry, 
and a (mol%) Indicates the 1-butene unit content of the copolymer; 
and satisfies the following fornrMa (5-11): 

20 

TcS0.75Tm-10 (5-||) 

wherein Tc ('C) and Tm ("*C) each indicate the crystallization temperature and the melting point, respectively, of the 
copolymer both measured through differential scanning calorimetry. 

25 

36. The propylene-based random copolymer as claimed in claim 35, which has a 1-butene content of from 0.1 to 30 
mol%. 

37. The propylene-based random copolymer as claimed in claim 35 or 36, which has a stereospecif icity index (P) of at 
30 least 85 mol%. 

38. The propylene-based random copolymer as claimed in any of claims 35 to 37, which has an intrinsic viscosity M. 
as measured in decalin at 135'C. of from 0.5 to 3 dl/g. 

35 39. A propylene-based random copolymer composition comprising (5- A) a propylene-based random copolymer of pro- 
pylene and 1 -butene, and (5-B) a substance having the capability of nucleation, the composition satisfying the fol- 
lowing formula (5-1): 

Tmi 160-3a (5-1) 

40 

wherein Tm ("C) indicates the melting point of the composition measured through differential scanning calorimetry, 
and a (mol%) indicates the 1 -butene content of the composition; 
ar»d satisfying the following formula (5-H): 

45 Tc ^ 0.75Tm - 10 (5-1!) 

wherein TC (*C) and Tm (°C) each indicate the crystallization temperature and the melting point, respectively, of 
the composition both measured through differerrtial scanning calorimetry. 

50 40. The propylene-based random copolymer conpositbn as claimed in daim 39, which has a 1 -butene content of from 
0.1to30mol%. 

41. The propylene-fcased random copolymer composition as claimed in claim 39 or 40. wherein the copolymer has a 
stereospecif idty index (P) of at least 85 mol%. 

55 

42. The propylene-based random copolymer conr^x)sition as claimed in any of claims 39 to 41, which has an intrinsic 
viscosity [ii], as measured in decalin at 135*C, of from 0.5 to 3 dl/g. 
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43. Films made of the propylene-based random copolymer or the propylene-based random copolymer composition of 
any of claims 35 to 42. 

44. Laminates comprising at least one layer of the propylene-based random copolymer or the propylene-based random 
copolymer conposition of any of claims 35 to 42. 

45. Fibers, sheets or moldings comprising the propylene-based random copolymer or the propylene-based random 
copolymer composftion of any one of claims 35 to 42. 

46. A propylene-based polymer composition comprising (6-A) a propylene-based random copolymer obtained through 
polymerization of propylene and an a-olefin having at least 4 cartxin atoms in the presence of a metallocene cata- 
lyst, and having a propylene-derived structural unit content of from 80 to 99.9 mol%, an a-olef in-derived structural 
unit content of from 0.1 to 20 mol%. and an intrinsic viscosity [r\] of from 0.5 to 5.0 dl/g, and (6-B) at least 10 ppm 
of a nucleating agent. 

47. The propylene-based polymer composition as claimed in claim 46, wherein the a-olefin has at least 5 carbon 
atoms. 

48. The propylene-based polymer composition as claimed in claim 46, in which the a-olefin is 1-butene and of which 
the tensile modulus (TM (MPa)) in the MD direction and the heat-sealing temperature (HST (»C)) satisfy the follow- 
ing formula (6-1); 



49. The propylene-based polymer composition as claimed in claim 46. of which the tensile modulus (TM (MPa)) in the 
MD direction and the heat-sealing temperature (HST (*C)) satisfy the following formula (6-11): 



50. The propytene-tased polymer composition as claimed in claim' 46. of which the boiling diethyl ether-soluble content 
(E (% by weight)) and the a-olefin content (a (mol%)) satisfy the following formula (6-11 1): 



TMi22x HST - 1850 



(6-1). 



TM S22 X HST - 1700 



(6-11). 



E i 0.2 X a -H 1.0 



(6-111). 



51. 



Films as formed by casting the propylene-based polymer composition of any of claims 46 to 50. 
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